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SUMMARY 
In t h i s s t u d y an e n g i n e e r i n g o r g a n i z a t i o n s p e c i a l i z i n g i n d e s i g n ­
i n g and c o n s t r u c t i o n of c h e m i c a l p l a n t s was a n a l y z e d by means of a d y ­
namic s i m u l a t i o n m o d e l . The model was b u i l t i n a c c o r d a n c e w i t h t h e 
p h i l o s o p h y and me thodo logy of I n d u s t r i a l Dynamics . 
The p r i m a r y o b j e c t i v e of t h i s s t u d y was t o a i d In d e v e l o p i n g t h e 
needed u n d e r s t a n d i n g ©f t h e r e a l w o r l d sys t em d y n a m i c s , and s e c o n d l y i t 
was t o p r o v i d e an o p p o r t u n i t y t o improve s y s t e m s b e h a v i o r u n d e r a l t e r n a t e 
management p o l i c y . By u s i n g DYNAMO, s i m u l a t i o n s on a l a r g e r - s c a l e d i g i ­
t a l c o m p u t e r we re r u n t o p r o d u c e t h e t i m e r e s p o n s e of t h e v a r i a b l e s i n 
t h e model f o r p o l i c y and p a r a m e t e r c h a n g e s . 
The I n d u s t r i a l Dynamics model p o i n t e d o u t some i n t e r e s t i n g r e s u l t s , 
S i n c e c a p a b l e e n g i n e e r s a r e t h e g r e a t e s t a s s e t i n an e n g i n e e r i n g o r g a n i ­
z a t i o n , t h e y a r e t h e f o c u s of t h i s s t u d y . The h y p o t h e s i z e d model h a s 
d e m o n s t r a t e d f l u c t u a t i o n s of t h e e n g i n e e r i n g know-how l e v e l and t h e work 
l o a d f o r e n g i n e e r s which were e x p e r i e n c e d i n an e n g i n e e r i n g o r g a n i z a t i o n . 
The model a l s o p r e s e n t s f l u c t u a t i o n s of t h e number of o r d e r s d u r i n g t h e 
s i m u l a t i o n t i m e p e r i o d of t e n y e a r s , and h o p e f u l l y s t r e n g t h e n s an u n d e r ­
s t a n d i n g of t h e management p r o b l e m s of an e n g i n e e r i n g o r g a n i z a t i o n . 
S i n c e t h e r e s u l t s i n d i c a t e d t h a t t h e p r o b l e m s u n d e r t h e o r i g i n a l 
model a r o s e m a i n l y from management p o l i c i e s of t h e o r g a n i z a t i o n c o n t r o l ­
l i n g t h e know-how l e v e l , a new p o l i c y u n d e r t h e improved model was p r o ­
v i d e d t o i n v o l v e a change i n t h e s y s t e m s t r u c t u r e f o r t h e f e e d b a c k of 
know-how. By a d o p t i n g t h e new p o l i c y , t h e r e c o g n i t i o n of t h e gap 
v i i 
be tween t h e e n g i n e e r i n g o r g a n i z a t i o n ' s know-how l e v e l and t h e p o t e n t i a l 
know-how l e v e l was g r e a t l y improved and management c r e a t e d a w o r k a b l e 
sy s t em of much s m a l l e r f l u c t u a t i o n s of t h e work l o a d w h i l e m a i n t a i n i n g 
a s t e a d y i n c r e a s e in t h e know-how l e v e l . T h i s sys t em a l s o p roved t o be 
i n s e n s i t i v e t o v a r i a t i o n s i n t h e p a r a m e t e r v a l u e of management e f f o r t 
i n f l u e n c i n g t h e know-how l e v e l . 
T h i s s t u d y s u g g e s t s t h e p o s s i b i l i t y of e x p e r i m e n t s r e l a t i n g t o 
management p o l i c i e s i n f l u e n c i n g t h e t o t a l s y s t e m b e h a v i o r of an e n g i n e e r ­
i n g o r g a n i z a t i o n . 
CHAPTER I 
INTRODUCTION 
The Second World War gave a t r e m e n d o u s t h r u s t t o t e c h n o l o g i c a l 
d e v e l o p m e n t . New s c i e n t i f i c c o n c e p t s , new p r o d u c t s , and new t e c j i n i c a l 
n e e d s a p p e a r e d i n b e w i l d e r i n g p r o f u s i o n . No l o n g e r i s i t p o s s i b l e f o r 
t h e n a t i o n , i n d u s t r y , o r f i r m t o be f r e e t o c h o o s e i t s own r a t e of 
g r o w t h and s t i l l s u r v i v e . P r e s s u r e s c r e a t e d by i n t e r n a t i o n a l and 
n a t i o n a l p o l i c i e s p e r m e a t e d e v e r y m a j o r p o l i c y i n i n d u s t r y . 
F o r i n s t a n c e , i n J a p a n , r e m a r k a b l e p r o g r e s s h a s been made i n t h e 
r e h a b i l i t a t i o n and d e v e l o p m e n t of t h e v a r i o u s i n d u s t r i e s . E s p e c i a l l y 
i n t h e c h e m i c a l i n d u s t r y , phenomenal d e v e l o p m e n t s have been made t h r o u g h 
t h e l i c e n s i n g of f o r e i g n t e c h n i c a l know-how and d e v e l o p m e n t of d o m e s t i c 
t e c h n o l o g i e s . The f i e l d s of t h e c h e m i c a l i n d u s t r y c o v e r e d i n c l u d e t h e 
s o - c a l l e d e n e r g y i n d u s t r i e s such a s p e t r o l e u m , c o a l and n a t u r a l g a s i n ­
d u s t r i e s , and t h e p o p u l a r i n d u s t r i e s s u c h a s p e t r o - c h e m i c a l , s y n t h e t i c 
r e s i n and f i b e r , and p h a r m a c e u t i c a l i n d u s t r i e s a s w e l l a s t h e n u c l e a r 
i n d u s t r y . 
With c a p i t a l l i b e r a l i z a t i o n j u s t a h e a d , J a p a n e s e i n d u s t r i e s a r e 
b e i n g u r g e d t o improve t h e i r c o m p e t i t i v e p o s i t i o n . The c h e m i c a l i n d u s ­
t r y e s p e c i a l l y i s f a c e d w i t h t h e n e c e s s i t y t o r e n o v a t e and m o d e r n i z e 
t h e i r e x i s t i n g p l a n t s and f a c i l i t i e s t o overcome i n t e r n a t i o n a l c o m p e t i ­
t i o n . 
Under t h e s e c i r c u m s t a n c e s , when a new p r o j e c t i s u n d e r t a k e n by 
t h e c h e m i c a l i n d u s t r y , w h e t h e r i t i s a c o m m e r c i a l i z a t i o n of a new d o m e s t i c 
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d e v e l o p m e n t o r i m p o r t a t i o n of f o r e i g n t e c h n i c a l know how, i t i s common 
f o r t h e i n d u s t r y t o c o n s i d e r t h e s e r v i c e s of e n g i n e e r i n g f i r m s , s p e c i a l i z ­
i n g i n p l a n t c o n s u l t a t i o n , d e s i g n i n g , c o n s t r u c t i o n and t e s t o p e r a t i o n i n 
o r d e r t o c o n s t r u c t p l a n t s in t h i s t e c h n i c a l i n n o v a t i o n a g e . 
Most of t h e e n g i n e e r i n g f i r m s h a v e a d o p t e d t h e " P r o j e c t E n g i n e e r ­
i n g Sys tem" t o h a n d l e t h e c o n s t r u c t i o n of p r o c e s s p l a n t s . T h i s s y s t e m 
i n v o l v e s c o m p l i c a t e d t e c h n i q u e s and e n g i n e e r i n g s k i l l s of h i g h s t a n d a r d s . 
Today, p l a n t c o n s t r u c t i o n n o t o n l y r e q u i r e s e f f i c i e n t m a j o r equ ipmen t b u t 
a l s o r e q u i r e s a h i g h s t a n d a r d of e n g i n e e r i n g a b i l i t y . E n g i n e e r s mus t have 
t h e a b i l i t y t o j u d g e c o m p l e t e p l a n t s from t h e s t a n d p o i n t o f . . . p l a n t l o c a ­
t i o n and l a y o u t , s t r u c t u r a l m a t e r i a l s , h e a t economy, a u t o m a t i c c o n t r o l , 
s e c u r i t y and p r e v e n t i o n of f i r e s and a c c i d e n t s , a s w e l l a s p r o d u c t i v i t y , 
economy, s t a b i l i t y and f l e x i b i l i t y . In t h e p a s t t h e s e k i n d s of a t t r i ­
b u t e s h a v e been j u d g e d by t h e c h e m i c a l i n d u s t r y . 
The p r o j e c t e n g i n e e r i n g s y s t e m i s a method of c o n s t r u c t i n g such a 
h i g h l y e f f i c i e n t p l a n t w i t h i n a r e a s o n a b l e b u d g e t and w i t h i n a p r e s c r i b e d 
t i m e p e r i o d . In a c t u a l p r a c t i c e , a p r o j e c t team u n d e r s t r i c t s c h e d u l i n g 
and c o n t r o l i s o r g a n i z e d t o p e r f o r m t h e work of e a c h w e l l - p l a n n e d s t a g e . 
S i n c e s e v e r a l y e a r s a g o , mos t of t h e l a r g e e n g i n e e r i n g f i r m s have a p p r o ­
p r i a t e d t h e C r i t i c a l P a t h Method (CPM) and t h e Program E v a l u a t i o n and 
Review Techn ique (PERT) ( 1 ) f o r t h e i r s c h e d u l i n g and c o n t r o l . 
The e n g i n e e r w i t h c o m p l e t e r e s p o n s i b i l i t y of t h e team i s c a l l e d 
p r o j e c t m a n a g e r , who o r g a n i z e s c h e m i c a l , m e c h a n i c a l , e l e c t r i c a l , m e t a l ­
l u r g i c a l , c i v i l and a r c h i t e c t u r a l e n g i n e e r s . Under h i s r e s p o n s i b i l i t y 
t o i n t e g r a t e knowledge of such v a r i e d e n g i n e e r i n g , t h e p r o j e c t e n g i n e e r ­
i n g s y s t e m c a n p r o v i d e an e f f e c t i v e s o l u t i o n by t a k i n g q u i c k and s y s t e m ­
a t i c a c t i o n s i n t h e p e r f o r m a n c e of b o t h d e s i g n and c o n s t r u c t i o n work . 
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The f o l l o w i n g p r e s e n t a t i o n w i l l g i v e more p r e c i s e o u t l i n e of t y p i ­
c a l work s t e p s which a r e s e r v e d by t h e e n g i n e e r i n g f i r m s . 
P r o c e s s E n g i n e e r i n g 
P r o c e s s e n g i n e e r i n g d e a l s w i t h t h e p r e p a r a t i o n of an e c o n o m i c a l 
b a s i c d e s i g n when a p i l o t p l a n t i s s c a l e d up f o r commerc i a l o p e r a t i o n , 
o r when a commerc i a l p l a n t i s d e s i g n e d b a s e d on g i v e n c o n d i t i o n s . Today, 
a s t h e s c a l e of modern p l a n t s h a s become l a r g e r and h i g h l y t e c h n i c a l , t h e 
p e r f o r m a n c e of p r o c e s s e n g i n e e r i n g work r e q u i r e s a l i b r a r y of w e l l - o r g a n ­
i z e d d a t a , many a c t u a l e x p e r i e n c e s and a more complex o r g a n i z a t i o n . 
P l a n t E n g i n e e r i n g 
In p l a n t e n g i n e e r i n g , t h e mos t e f f i c i e n t m a t e r i a l s and equ ipmen t 
a r e s e l e c t e d from t h e v a r i o u s a l t e r n a t i v e s s p e c i f i e d by t h e p r o c e s s e n g i ­
n e e r i n g . D e c i s i o n s a r e a l s o made on t h e s t r u c t u r e and s h a p e of t h e e q u i p ­
m e n t . 
D e t a i l e d E n g i n e e r i n g 
P r o c e s s e n g i n e e r i n g and p l a n t e n g i n e e r i n g a r e f o l l o w e d by d e t a i l e d 
e n g i n e e r i n g work where t h o r o u g h knowledge on mechanism, s t r e n g t h , f a b r i ­
c a t i o n and c o n s t r u c t i o n of s t r u c t u r e s , v e s s e l s , f u r n a c e s , p i p i n g and 
u t i l i t i e s , i s mos t e s s e n t i a l i n p e r f o r m i n g such work based upon s t a n d a r d 
s p e c i f i c a t i o n s . 
P r o c u r e m e n t 
A l l m a t e r i a l s and e q u i p m e n t a r e p u r c h a s e d from v a r i o u s s u p p l i e r s . 
The p r o j e c t t e ams a r e d i r e c t l y c o n c e r n e d w i t h t h e s c h e d u l e c o n t r o l , c o s t 
4 
c o n t r o l and q u a l i t y c o n t r o l f o r t h e s u c c e s s f u l a c c o m p l i s h m e n t of t h e p r o -
j e c t s . 
F i e l d C o n s t r u c t i o n 
I t i s p o s s i b l e t o c o n s t r u c t h i g h q u a l i t y p l a n t s by u s i n g t h e p r o ­
j e c t e n g i n e e r i n g sys t em t o p r e p a r e a w e l l b a l a n c e d d e s i g n and p e r f o r m t h e 
p l a n n e d c o n s t r u c t i o n work by i n t e g r a t e d knowledge of t h e v a r i o u s e n g i n e e r ­
ing f i e l d s , E s p e c i a l l y in c o n s t r u c t i o n work , v a r i o u s j o b s a r e pe r fo rmed 
a t t h e same t i m e , making i t a n e c e s s i t y t o o b t a i n t h e s e r v i c e s of an e n ­
g i n e e r i n g f i r m t h a t i s c a p a b l e of p e r f o r m i n g t h e o v e r a l l p l a n n i n g and 
a r r a n g e m e n t by c o n t r o l l i n g t h e s c h e d u l e and o p e r a t i o n u n d e r one s i n g l e 
r e s p o n s i b i l i t y . 
Fo r t h i s t h e s i s , one such e n g i n e e r i n g f i r m was s e l e c t e d , t o exam­
i n e i t s p o l i c i e s f o r e n g i n e e r i n g management and t o add a new d i m e n s i o n 
t o t h e management f u n c t i o n . S i n c e a n a l y s i s and e x p e r i m e n t a t i o n of such 
f i r m ' s o p e r a t i o n would be h i g h l y complex , a m a t h e m a t i c a l model t o s i m u ­
l a t e dynamic b u s i n e s s a c t i v i t i e s was b u i l t on t h e b a s i s of t h e a u t h o r ' s 
p a s t e x p e r i e n c e s i n t h e c h o s e n J a p a n e s e e n g i n e e r i n g f i r m . 
The p r i m a r y o b j e c t i v e of t h i s s t u d y i s t o a i d i n d e v e l o p i n g t h e 
needed u n d e r s t a n d i n g of t h e r e a l w o r l d s y s t e m d y n a m i c s , and s e c o n d l y i t 
w i l l p r o v i d e an o p p o r t u n i t y t o improve s y s t e m s b e h a v i o r u n d e r a l t e r n a t e 
management p o l i c i e s . 
The g e n e r a l method of a p p r o a c h s e l e c t e d f o r t h i s s t u d y , due t o t h e 
m a g n i t u d e and c o m p l e x i t y of t h e s y s t e m , i s d i g i t a l compu te r s i m u l a t i o n . 
The o n l y a s s u m p t i o n r e q u i r e d i s t h a t i t i s p o s s i b l e t o c o n s t r u c t a q u a n ­
t i t a t i v e model of t h e sys t em which i s s t r u c t u r a l l y r e a l i s t i c and wh ich 
d i s p l a y s dynamic c h a r a c t e r i s t i c s s i m i l a r t o t h o s e of t h e r e a l s y s t e m . 
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A l t h o u g h t h e model i s a s i m p l i f i e d p i c t u r e of r e a l i t y , i t c a n be 
q u i t e v a l u a b l e t o g a i n i n s i g h t s i n t o t h e dynamic i n t e r a c t i o n s be tween t h e 
f i r m ' s management p o l i c i e s which c o n t r o l e n g i n e e r i n g know-how l e v e l s and 
t h e work load f o r e n g i n e e r s , and t h e number of o r d e r s which i s i n f l u e n c e d 
by t h e w o r l d s i t u a t i o n and t h e c o m p e t i t i v e n e s s of t h e f i r m . 
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CHAPTER I I 
LITERATURE SURVEY 
The l i t e r a t u r e d e s c r i b i n g p a r t i c u l a r a p p l i c a t i o n s f o r manage-
ment of e n g i n e e r i n g o r g a n i z a t i o n s i s now q u i t e e x t e n s i v e and i n c l u d e s 
such f i e l d s a s v a r i o u s t y p e s of e n g i n e e r i n g , b u s i n e s s a d m i n i s t r a t i o n , 
and e c o n o m i c s . A l t h o u g h t h e l i t e r a t u r e on t h e p a r t i c u l a r a p p l i c a ­
t i o n s h a s been s u c c e s s f u l i n i m p a r t i n g g e n e r a l knowledge a b o u t manage­
ment of e n g i n e e r i n g o r g a n i z a t i o n s such a s n e t w o r k - b a s e d management ( I ) , 
i t h a s n o t p r o v i d e d t h e k i n d of i n f o r m a t i o n which i s n e c e s s a r y i f a 
t o p manager w a n t s t o know how t o p r o c e e d i n p l a n n i n g i t s sy s t em o p e r a ­
t i o n s which d i f f e r from t h e s p e c i a l c a s e s c i t e d i n t h e l i t e r a t u r e . In 
p a r t i c u l a r , t h e r e e x i s t s l i t t l e l i t e r a t u r e which r e l a t e s t o d e s i g n 
and i n s t a l l a t i o n of new management i n f o r m a t i o n s y s t e m s on t h e b a s i s 
of t h e s y s t e m dynamics of an e n g i n e e r i n g o r g a n i z a t i o n . 
Today, howeve r , management of an e n g i n e e r i n g o r g a n i z a t i o n f a c e s 
a b e w i l d e r i n g c o m p l e x i t y of change and i n n o v a t i o n . S i n c e such an e n ­
g i n e e r i n g o r g a n i z a t i o n n o t o n l y e x i s t s a s a c o r p o r a t i o n b u t a l s o p e r -
m e a t e s mos t compan ie s a c t i v i t y , K a r g e r and Murdick ( 9 ) h a v e summarized 
t h e r e s p o n s i b i l i t y p e r t i n e n t t o management of e n g i n e e r i n g o r g a n i z a t i o n 
a s f o l l o w s * 
1 . E n s u r i n g t h a t t h e c o r p o r a t i o n w i l l o p e r a t e i n a r e a s of 
r a p i d l y a d v a n c i n g t e c h n o l o g y 
2 . A s s u r i n g maximum u s e s of t h e c o m p a n y ' s r e s o u r c e s 
3 . E x p l o i t i n g f u l l y a v a i l a b l e a s w e l l a s p o t e n t i a l m a r k e t s 
4 . P r o v i d i n g d i v e r s i f i c a t i o n of t h e c o m p a n y ' s p r o d u c t s 
5 . E n s u r i n g an I n c r e a s i n g p r o f i t p o t e n t i a l . 
To f u l f i l l t h e s e p r i m e r e s p o n s i b i l i t i e s , K a r g e r and Murdick s t a t e an 
7 
e n g i n e e r i n g o r g a n i z a t i o n mus t r e c o g n i z e i 
a . P r o b l e m s of d e t e r m i n i n g t h e p r o d u c t such a s d e s i g n p r o b l e m s , 
m a n u f a c t u r i n g p r o b l e m s , m a r k e t i n g and p r o d u c t - p l a n n i n g 
p r o b l e m s , known o r a n t i c i p a t e d c u s t o m e r w a n t s , l o n g - r a n g e 
b u s i n e s s p l a n s , i n d u s t r y t r e n d s , t e c h n i c a l a d v a n c e s , and 
c o m p e t i t o r s * a c t i v i t i e s . 
b . O p p o r t u n i t i e s now r e s u l t i n g o r e x p e c t e d t o r e s u l t from t h e 
a v a i l a b i l i t y of new knowledge from b a s i c r e s e a r c h , new 
m a t e r i a l s , new p r o c e s s e s , and a d v a n c e s i n t h e i n d u s t r y which 
w i l l p e r m i t d e v e l o p i n g and d e m o n s t r a t i n g t h e t e c h n i c a l 
f e a s i b i l i t y of new and improved p r o d u c t s . 
In t h o s e s i t u a t i o n s which c a n be s p e c i f i c a l l y d e t a i l e d b u t t h e o v e r ­
a l l b e h a v i o r c a n n o t be d e s c r i b e d w i t h p r e c i s i o n , s i m u l a t i o n (13 ) i s an 
i m p o r t a n t t o o l n o t o n l y f o r v a r i o u s e n g i n e e r i n g work b u t a l s o f o r m a n a g e ­
ment of an e n g i n e e r i n g o r g a n i z a t i o n . One p o s s i b l e s i m u l a t i o n t e c h n i q u e 
i s t h e c o m p u t e r s i m u l a t i o n of m a t h e m a t i c a l m o d e l s . Thus , i t i s p o s s i b l e 
t o d i s c o v e r w i t h p r e c i s i o n t h e t o t a l b e h a v i o r of many v a r i a b l e s i n t e r a c t ­
i n g i n a complex manner . 
In o r d e r t o c l a s s i f y t h o s e s i m u l a t i o n m o d e l s , a number of d i f f e r ­
e n t t a x o n o m i c s y s t e m s h a v e been s u g g e s t e d . F o r e x a m p l e , N a y l o r , B a l i n t f y , 
B u r d i c k , and Chu (13 ) h a v e c l a s s i f i e d s i m u l a t i o n mode l s a s d e t e r m i n i s t i c , 
s t o c h a s t i c , s t a t i c and dynamic . Among them a dynamic model i s a d o p t e d 
f o r t h i s s t u d y due t o g a i n i n s i g h t i n t o a complex e n v i r o n m e n t such a s an 
e n g i n e e r i n g o r g a n i z a t i o n . One of t h e w e l l known t h e o r i e s d e a l t w i t h d y ­
namic m o d e l s i s I n d u s t r i a l Dynamics ( 6 ) , 
I n d u s t r i a l Dynamics 
I n d u s t r i a l Dynamics h a s been c r e a t e d by t h e I n d u s t r i a l Dynamics 
R e s e a r c h Group u n d e r t h e l e a d e r s h i p of F o r r e s t e r ( 7 ) a t M a s s a c h u s e t t s 
I n s t i t u t e of Techno logy i n 1957, He s t a t e s I n d u s t r i a l Dynamics i n h i s 
book a s f o l l o w s . 1 
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I n d u s t r i a l Dynamics i s t h e s t u d y of t h e i n f o r m a t i o n - f e e d b a c k 
c h a r a c t e r i s t i c s of i n d u s t r i a l a c t i v i t y t o show how o r g a n i z a ­
t i o n a l s t r u c t u r e , a m p l i f i c a t i o n ( i n p o l i c i e s ) , and t i m e d e l a y s 
( i n d e c i s i o n s and a c t i o n s ) i n t e r a c t t o i n f l u e n c e t h e s u c c e s s 
of t h e e n t e r p r i s e . I t t r e a t s t h e i n t e r a c t i o n s be tween t h e 
f l o w s of i n f o r m a t i o n , money, o r d e r s , m a t e r i a l s , p e r s o n n e l , 
and c a p i t a l e q u i p m e n t i n a company, an i n d u s t r y , o r a n a t i o n a l 
economy. 
In a c c o r d a n c e w i t h t h e p h i l o s o p h y and me thodo logy of I n d u s t r i a l 
Dynamics , a dynamic s i m u l a t i o n model f o r t h i s s t u d y h a s been d e v e l o p e d 
and a n a l y z e d . 
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CHAPTER I I I 
A DYNAMIC MODEL 
An i n d u s t r i a l d y n a m i c s model of an e n g i n e e r i n g f i r m h a s been d e ­
v e l o p e d on t h e b a s i s of t h e f o l l o w i n g b a c k g r o u n d . 
The l a r g e r o p e r a t i n g compan ie s i n t h e p r o c e s s i n d u s t r i e s , wh ich 
a r e d e s c r i b e d i n C h a p t e r I , w i l l o r d i n a r i l y e x p l o r e any new p r o c e s s u n d e r 
c o n s i d e r a t i o n b o t h t e c h n i c a l l y and e c o n o m i c a l l y . However, when an o p e r ­
a t i n g company d e c i d e s t o b u i l d a c o m p l e t e p l a n t o r a s i n g l e p r o c e s s u n i t , 
t h e e n g i n e e r i n g f i r m s p e c i a l i z i n g i n s u c h work i s u s u a l l y r e t a i n e d . N u . 
merous v a r i a t i o n s a r e p o s s i b l e i n t h e d i v i s i o n of work be tween t h e o p e r ­
a t i n g company ( c u s t o m e r ) and t h e e n g i n e e r i n g f i r m . The dynamic s y s t e m 
s t r u c t u r e shown i n F i g u r e 1 c a n be a p p l i e d t o t h e i n v e s t i g a t i o n of mana­
g e r i a l p o l i c i e s of such an e n g i n e e r i n g f i r m . 
Suppose t h a t a c u s t o m e r h a s d e c i d e d t o c o n s t r u c t a p l a n t a f t e r 
economic s t u d i e s and r e s e a r c h on t h e b a s i s of t h e w o r l d s i t u a t i o n . The 
c u s t o m e r s e n d s o u t i n q u i r i e s t o s e v e r a l e n g i n e e r i n g f i r m s which a r e c a p . 
a b l e of c o n s t r u c t i n g t h e p l a n t . Each f i r m e s t i m a t e s t h e n e c e s s a r y e f f o r t 
t o a c q u i r e t h e o r d e r and a s s i g n s i t s e n g i n e e r s t o t h e j o b . These e n g i ­
n e e r s p r e p a r e an e s t i m a t e f o r t h e c o s t of e n g i n e e r i n g and c o n s t r u c t i o n 
of t h e p r o p o s e d p l a n t . The e s t i m a t e i s p r e s e n t e d t o t h e c u s t o m e r i n 
bound form, and n e g o t i a t i o n be tween t h e c u s t o m e r and e a c h of t h e f i r m s 
i s p e r f o r m e d . 
Assuming t h a t t h e c o n t r a c t i s awarded t o t h e f i r m , t h e f i r m t h e n 
i m m e d i a t e l y s t a r t s e s t i m a t i n g t h e n e c e s s a r y e f f o r t t o c a r r y o u t t h e 
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c o n t r a c t and o r g a n i z e s a p r o j e c t team by a c q u i r i n g t h e n e c e s s a r y s t a f f . 
The p r o j e c t team r e n d e r s s e r v i c e s i n a c c o r d a n c e w i t h t h e g u a r a n t e e s from 
p l a n t c o n s u l t a t i o n t o d e s i g n i n g , p r o c u r e m e n t of m a t e r i a l s and e q u i p m e n t , 
c o n s t r u c t i o n and t e s t o p e r a t i o n . D u r i n g t h e p r o j e c t a c c o m p l i s h m e n t , t h e 
p r o j e c t p r o g r e s s i s p e r i o d i c a l l y e v a l u a t e d and t h e f i r m a d j u s t s t h e n e c ­
e s s a r y e f f o r t . A f t e r c o m p l e t i o n of t h e p r o j e c t , t h e p l a n t i s t u r n e d o v e r 
t o t h e c u s t o m e r . The p e r f o r m a n c e of t h e p r o j e c t team s t r o n g l y i n f l u e n c e s 





F i g u r e 1 . Dynamic Sys tem U n d e r l y i n g P r o j e c t L i f e Cyc le 
I I 
Problem 
The e n g i n e e r i n g f i r m d e p e n d s h e a v i l y on human r e s o u r c e s more t h a n 
m a n u f a c t u r i n g f i r m s . The a b i l i t y of an i n d i v i d u a l e n g i n e e r i s c l o s e l y 
l i n k e d t o t h e o v e r a l l b u s i n e s s p e r f o r m a n c e of t h e f i r m . C o n s e q u e n t l y , 
management i n t h e f i r m d e s i r e s t o k e e p t h e l e v e l of e n g i n e e r i n g know-how 
s t a b l e w h i l e m a i n t a i n i n g a s t a b l e work l o a d f o r e n g i n e e r s . However, t h e 
f i r m h a s had d i f f i c u l t y i n a t t a i n i n g s t a b i l i t y . When t h e e n g i n e e r s 1 work 
l o a d was h e a v i e r due t o an i n c r e a s i n g incoming c o n t r a c t r a t e , e f f o r t d i ­
r e c t e d t o t h e f e e d b a c k of know-how became w e a k e r and t h e know-how l e v e l 
was r e d u c e d . On t h e o t h e r h a n d , when t h e c o n t r a c t r a t e d e c r e a s e d , t h e 
f i r m ' s management p u t f o r t h a l o t of management e f f o r t t o i n c r e a s e t h e 
know-how l e v e l . Even though t h e f i r m had a c q u i r e d t h e l a t e s t know-how 
t h r o u g h t h e v a r i o u s p r o j e c t s p r o g r e s s , i t was d i f f i c u l t t o f eedback know-
how w h e n e v e r t h e e n g i n e e r s * work l o a d was h e a v y . T h e r e f o r e , t h e b a s i c 
p rob lem i n d e t e r m i n i n g t h e f i r m ' s p o l i c y f o r f e e d b a c k of know-how i s t h e 
d o u b l e - e d g e d sword n a t u r e of t h e s i t u a t i o n . On t h e one h a n d , i f t h e f i r m 
d o e s n o t p r o v i d e a d e q u a t e e n g i n e e r s t o k e e p t h e u p - t o - d a t e know-how l e v e l , 
t h e l o n g - r u n a b i l i t y w i l l be d e c r e a s e d . On t h e o t h e r h a n d , a v e r y t h o r ­
ough f e e d b a c k of know-how n e c e s s a r i l y removes t h e mos t e f f e c t i v e e n g i ­
n e e r s from p r o j e c t - o r i e n t e d w o r k s . D i f f e r e n t f i r m s t r y t o s o l v e t h i s 
enigma i n d i f f e r e n t w a y s , and some s i m p l y i g n o r e t h e e x i s t e n c e of t h e 
p r o b l e m . Wha teve r p o l i c y i s f i n a l l y a d o p t e d by t h e f i r m d e t e r m i n e s b o t h 
t h e f u t u r e p r o d u c t i v i t y of t h e f i r m ' s e n g i n e e r s , and t h e c u r r e n t a v a i l ­
a b i l i t y of t h e e x p e r i e n c e d e n g i n e e r s f o r p r o j e c t p r o g r e s s . 
I t i s h y p o t h e s i z e d t h a t t h e f l u c t u a t i o n b e h a v i o r of t h e know-how 
l e v e l and t h e work l o a d a s shown i n F i g u r e 2 i s c a u s e d by dynamic 
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i n t e r a c t i o n be tween t h e f i r m ' s management p o l i c i e s c o n t r o l l i n g t h e know-
how l e v e l and t h e c o n t r a c t r a t e which i s i n f l u e n c e d by t h e w o r l d s i t u a ­
t i o n and t h e c o m p e t i t i v e n e s s of t h e f i r m . 
TIME 
F i g u r e 2 . Know-How L e v e l and Work Load F l u c t u a t i o n 
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System S t r u c t u r e 
F i g u r e 3 i l l u s t r a t e s t h e b a s i c s t r u c t u r e which c r e a t e s t h e work 
l o a d f l u c t u a t i o n s . The sys t em of i n t e r a c t i o n s c o n t a i n s t h r e e b a s i c f e e d , 
back l o o p s of which two a r e n e g a t i v e l o o p s and one i s a p o s i t i v e l o o p . 
N e g a t i v e f e e d b a c k l o o p s h a v e a g o a l o r i e n t e d b e h a v i o r and any d e ­
v i a t i o n from t h e d e s i r e d c o n d i t i o n i s c o u n t e r a c t e d s o t h a t t h e d e s i r e d 
c o n d i t i o n i s a p p r o a c h e d . Loops A and C a r e n e g a t i v e . Loop A d o m i n a t e s 
l o n g r a n g e c y c l i c b e h a v i o r and d e s c r i b e s t h e f i r m ' s c o m p e t i t i v e n e s s t o 
i n c r e a s e o r d e c r e a s e t h e c o n t r a c t r a t e . Loop C i s a s h o r t r a n g e l o o p and 
d e s c r i b e s t h e s i t u a t i o n of an a v a i l a b l e number of e n g i n e e r s f o r t h e p r o ­
j e c t p r o g r e s s . The p o s i t i v e f e e d b a c k loop h a s a s t e a d y i n c r e a s e o r d e . 
c r e a s e i n t h e same d i r e c t i o n . Loop B i s p o s i t i v e and d o m i n a t e s s h o r t 
t e rm c y c l i c b e h a v i o r . 
Loop A i n v o l v e s t h e i n t e r a c t i o n s be tween c o n t r a c t r a t e , p r o j e c t s 
i n p r o g r e s s , work l o a d f o r e n g i n e e r s , management e f f o r t t oward f e e d b a c k 
of know-how, know-how l e v e l , c o m p e t i t i v e n e s s , and p r o s p e c t i v e b i d s . I f 
t h e c o n t r a c t r a t e i n c r e a s e s , p r o j e c t s i n p r o g r e s s and t h e work l o a d i n 
t u r n i n c r e a s e , c r e a t i n g l e s s management e f f o r t t oward f e e d b a c k of know-
how. When t h e know-how l e v e l d e c a y s , c a u s i n g a d r o p of c o m p e t i t i v e n e s s , 
p r o s p e c t i v e b i d s d e c r e a s e and l a t e r t h e c o n t r a c t r a t e f a l l s . 
Loop B i n c l u d e s t h e d i r e c t i n f l u e n c e of t h e know-how l e v e l on t h e 
work l o a d , A lower know-how l e v e l i n c r e a s e s t h e q u o t e d work l o a d . The 
i n c r e a s e d work l o a d makes management e f f o r t t oward f e e d b a c k r e d u c e , c a u s ­
i n g a d e c a y of t h e know-how l e v e l . A d e c r e a s e i n t h e know-how l e v e l i n ­
c r e a s e s t h e work l o a d . 
Loop C i n t e r r e l a t e s t h e work l o a d , management e f f o r t t oward 
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f e e d b a c k , and e n g i n e e r s f o r p r o j e c t t e a m s . I f management e f f o r t t oward 
f eedback i n c r e a s e s , e n g i n e e r s a r e a s s i g n e d t o f eedback of know-how. I t 
d e c r e a s e s t h e a v a i l a b l e number of e n g i n e e r s f o r p r o j e c t t eams and t h e 
work l o a d i n t u r n i n c r e a s e s , c r e a t i n g l e s s management e f f o r t toward f e e d ­
b a c k . 
I t m i g h t be e x p e c t e d t h a t t h e sy s t em shown i n F i g u r e 3 c o u l d c r e a t e 
t h e work load and know-how l e v e l f l u c t u a t i o n s e x p e r i e n c e d by t h e f i r m . 
PROSPECTIVE CONTRACT 
KNOW-HOW ) / WORK LOAD 




T h i s c h a p t e r p r e s e n t s i n d e t a i l t h e e q u a t i o n s which d e s c r i b e t h e 
s y s t e m of i n t e r r e l a t i o n s h i p s u n d e r l y i n g t h e e n g i n e e r i n g f i r m ' s f l u c t u a t ­
i n g work l o a d and know-how l e v e l . T h i s s y s t e m i s d i v i d e d i n t o f i v e s e c ­
t o r s i n which a q u a l i t a t i v e d e s c r i p t i o n of c o n s i d e r a t i o n s w i l l be d i s c u s ­
s e d . In a d d i t i o n , a r e l a t e d f low d i a g r a m t o e a c h s e c t o r i s i l l u s t r a t e d 
t o h e l p u n d e r s t a n d i n g of e a c h s e c t o r ' s s t r u c t u r e . I n o r d e r t o g e t a 
b e t t e r p e r s p e c t i v e of t h e s e s e c t i o n a l d i a g r a m s , an e n t i r e f l ow d i a g r a m 
i s shown i n Appendix B. 
C o n t r a c t P r o c e s s i n g S e c t o r 
The e n g i n e e r i n g f i rm h a s o p e r a t e d u n d e r t h e s t r o n g i n f l u e n c e of 
t h e w o r l d s i t u a t i o n . F o r i n s t a n c e , a n a t i o n a l m o n e t a r y s i t u a t i o n d i r e c t l y 
i n f l u e n c e s t h e c u s t o m e r s ' i n v e s t m e n t . In o t h e r w o r d s , when t h e g o v e r n m e n t 
d e c i d e s t o r e d u c e a g rowth r a t e of c h e m i c a l i n d u s t r y , an o f f i c i a l i n t e r ­
e s t r a t e f o r funds i s r a i s e d , c a u s i n g an i n c r e a s e of f i n a n c i a l d i f f i c u l ­
t i e s i n t h e c h e m i c a l i n d u s t r y . N a t u r a l l y , t h e f i r m c a n n o t improve t h i s 
s i t u a t i o n on i t s own. On t h e o t h e r h a n d , a l t h o u g h t h e w o r l d s i t u a t i o n 
i n c r e a s e s t h e c u s t o m e r s ' i n v e s t m e n t , t h e r e i s no p r o m i s e f o r t h e f i r m 
t h a t i t s c o n t r a c t r a t e i n c r e a s e s . C o n s e q u e n t l y , t h e f i r m ' s h o u l d improve 
i t s s y s t e m t o be a b l e t o a c q u i r e t h e c o n t r a c t s . The w o r l d s i t u a t i o n i s 
assumed a c o n s t a n t wh ich was r e p r e s e n t e d by a t e s t i n p u t . The model was 
m a i n l y examined t o improve t h e f i r m ' s c o n t r o l s y s t e m ; t h a t i s t o i n c r e a s e 
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PBNC P r o s p e c t i v e B i d s Normal C o n s t a n t ( o r d e r s / w e e k ) 
TEST T e s t I n p u t ( o r d e r s / w e e k ) 
CIB C o m p e t i t i v e n e s s I n f l u e n c e on B i d s ( d i m e n s i o n l e s s ) 
PB P r o s p e c t i v e B i d s ( o r d e r s / w e e k ) 
CR C o n t r a c t R a t e ( o r d e r s / w e e k ) 
DCB D e l a y i n C o m p l e t i n g a Bid (weeks) 
COPT C o n t r a c t s i n O r g a n i z i n g P r o j e c t Teams ( o r d e r s ) 
POR . . . . . . . . . P r o j e c t O r g a n i z i n g R a t e ( o r d e r s / w e e k ) 
DOPT D e l a y i n O r g a n i z i n g a P r o j e c t Team (weeks ) 
CPP C o n t r a c t s In P r o j e c t P r o g r e s s ( o r d e r s ) 
CCR C o n t r a c t C o m p l e t i n g R a t e ( o r d e r s / w e e k ) 
DCP D e l a y i n C o m p l e t i n g a P r o j e c t (weeks) 
RKR R e l a t i v e Know-How R a t i o be tween t h e F i rm and 
t h e Cus tomers ( d i m e n s i o n l e s s ) 
F i g u r e 4 , A Flow Diagram of C o n t r a c t P r o c e s s i n g S e c t o r 
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t h e c o n t r a c t r a t e w h i l e m a i n t a i n i n g a s t a b l e work l o a d and l e v e l of know, 
how. 
A f l o w d i a g r a m of t h e c o n t r a c t p r o c e s s i n g s e c t o r i s shown i n 
F i g u r e 4 . 
The number of p r o s p e c t i v e b i d s f o r t h e f i rm was g e n e r a t e d a s a 
s t a r t i n g p o i n t f o r a n a l y s i s of t h e c o n t r o l s y s t e m . The p r o s p e c t i v e b i d s 
c a n be c o n s i d e r e d a s t h e sum of a no rma l number of b i d s and a t e s t f u n c ­
t i o n . T h i s sum i s m o d i f i e d by t h e i n f l u e n c e of t h e f i r m ' s c o m p e t i t i v e ­
n e s s . 
PB.KL - (CIB.K)(PBNC + TEST.K) 1,R 
PBNC - 4 
PB P r o s p e c t i v e B i d s ( o r d e r s / w e e k ) 
CIB C o m p e t i t i v e n e s s I n f l u e n c e on B i d s ( d i m e n s i o n l e s s ) 
PBNC P r o s p e c t i v e B i d s Norman C o n s t a n t ( o r d e r s / w e e k ) 
TEST T e s t I n p u t ( o r d e r s / w e e k ) 
The t e s t f u n c t i o n i s t o t e s t t h e m o d e l ' s s e n s i t i v i t y t o e x t e r n a l 
d i s t u r b a n c e s . A s t e p i n c r e a s e i n p r o s p e c t i v e b i d s h a s b e e n s e l e c t e d a s 
t h e t e s t i n p u t t o t h e m o d e l . At a t i m e p e r i o d , s a y 26 weeks l a t e r , a 
sudden 25 p e r c e n t s t e p I n c r e a s e i n p r o s p e c t i v e b i d s i s p r o v i d e d . 
TEST.K - STEP ( 1 , 26) 2,A 
TEST . . . . . . . . . T e s t I n p u t ( o r d e r s / w e e k ) 
STEP F u n c t i o n a l N o t a t i o n f o r S t e p F u n c t i o n 
The p r o s p e c t i v e b i d s r e s u l t i n a c o n t r a c t r a t e w i t h a c e r t a i n 
d e l a y . I t i s assumed t h e r e i s a two- t o f o u r - m o n t h d e l a y i n an a r r i v i n g 
i n q u i r y t o t h e f i r m . A f t e r t h e f i r m r e c e i v e s t h e i n q u i r y from a c u s t o m ­
e r , i t t a k e s an a d d i t i o n a l two t o f o u r mon ths t o c o m p l e t e t h e b i d . T h i s 
i n v o l v e s a c o s t e s t i m a t i o n and n e g o t i a t i o n t i m e . T h i s c a n be w r i t t e n a s 
a t h i r d - o r d e r d e l a y ( 6 ) . 
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CR.KL - DELAY 3(PB.JK, DCB) 3 ,R 
DCB - 26 
CR C o n t r a c t R a t e ( o r d e r s / w e e k ) 
PB P r o s p e c t i v e B i d s ( o r d e r s / w e e k ) 
DCB D e l a y i n C o m p l e t i n g a Bid (weeks) 
DELAY3 Dynamo N o t a t i o n f o r a T h i r d - O r d e r E x p o n e n t i a l De l ay 
When t h e o r d e r i s a c q u i r e d , a p r o j e c t team i s o r g a n i z e d i n t h e 
f i r m . A c t u a l l y e a c h o r d e r h a s d i f f e r e n t a s p e c t s s u c h a s i n d i v i d u a l c o n ­
d i t i o n s of a l o c a t i o n s i t e , e n g i n e e r i n g d i f f i c u l t i e s , a c o n s t r u c t i o n 
p e r i o d , a b u d g e t , and s o f o r t h . In t h i s m o d e l , howeve r , a l l o r d e r s a r e 
assumed t o be of t h e same k i n d i n o r d e r t o s t u d y t h e c o n t r o l s y s t e m p r o b ­
lems more p r e c i s e l y . 
An o r d e r from t h e c u s t o m e r s t a y s i n t h e w a i t i n g l i n e u n t i l a p r o ­
j e c t team i s o r g a n i z e d and t h e n e c e s s a r y e n g i n e e r s a r e a s s i g n e d . Thus , 
t h e number of c o n t r a c t s i n w a i t i n g i s d e s c r i b e d a s f o l l o w s ! 
COPT.K - COPT.J + (DT)(CR.JK - POR.JK) 4 , L 
COPT - 5 4 ,N 
COPT . . . . . . . . . C o n t r a c t s i n O r g a n i z i n g P r o j e c t Teams ( o r d e r s ) 
CR C o n t r a c t R a t e ( o r d e r s / w e e k ) 
POR P r o j e c t O r g a n i z i n g R a t e ( o r d e r s / w e e k ) 
In g e n e r a l , e a c h p r o j e c t team i s o r g a n i z e d f o r a c o s t e s t i m a t i o n 
and n e g o t i a t i o n a f t e r t h e f i r m r e c e i v e s a n i n q u i r y . But t h e team i s 
r a t h e r s m a l l a t t h i s s t a g e . A f t e r t h e c o n t r a c t i s e s t a b l i s h e d , a f o r m a l 
p r o j e c t team i s o r g a n i z e d . T h e r e e x i s t s a b o u t two weeks d e l a y i n o r d e r 
t o a c q u i r e t h e n e c e s s a r y s t a f f f o r a p r o j e c t t eam. 
POR.KL - COPT.K/DOPT 5,R 
DOPT « 2 
POR P r o j e c t O r g a n i z i n g R a t e ( o r d e r s / w e e k ) 
COPT C o n t r a c t s i n O r g a n i z i n g P r o j e c t Teams ( o r d e r s ) 
DOPT D e l a y i n O r g a n i z i n g a P r o j e c t Team ( o r d e r s ) 
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The number of c o n t r a c t s i n p r o j e c t p r o g r e s s i n c r e a s e s by t h e p r o ­
j e c t o r g a n i z i n g r a t e and d e c r e a s e s by t h e c o n t r a c t c o m p l e t i n g r a t e . 
CPP.K - CPP.J + (DTXPOR.JK - CCR.JK) 6 , L 
CPP - 90 6,N 
CPP . . . . . . . . . C o n t r a c t s i n P r o j e c t P r o g r e s s ( o r d e r s ) 
POR . P r o j e c t O r g a n i z i n g R a t e ( o r d e r s / w e e k ) 
CCR . . . . . . . . . C o n t r a c t C o m p l e t i n g R a t e ( o r d e r s / w e e k ) 
D u r i n g t h e p r o j e c t p r o g r e s s , t h e f o l l o w i n g works which a r e d e s ­
c r i b e d i n d e t a i l In C h a p t e r I a r e u s u a l l y c a r r i e d o u t . 
* C o m p l e t i o n of t h e c o n t r a c t document s 
* P r o c e s s E n g i n e e r i n g 
* P l a n t E n g i n e e r i n g 
* D e t a i l e d E n g i n e e r i n g and D r a f t i n g 
* P r o c u r e m e n t and I n s p e c t i o n 
* F i e l d C o n s t r u c t i o n and I n s p e c t i o n 
* T e s t O p e r a t i o n 
The re a r e a l o t of v a r i a t i o n s of t h e c o n t r a c t p e r i o d d e p e n d i n g 
on t h e c u s t o m e r . The p e r i o d i s d e t e r m i n e d m o s t l y by t h e c u s t o m e r ' s w i l l 
b e f o r e t h e c o n t r a c t i s s e t u p . The a v e r a g e d e l a y i n c o m p l e t i n g a p r o j e c t 
i s assumed t o be s i x months wh ich a c t u a l l y v a r i e s from t h r e e months t o 
two y e a r s . 
CCR. KL - CPP.K/DCP 7,R 
DCP - 26 
CCR . . . . . . . . . C o n t r a c t C o m p l e t i n g R a t e ( o r d e r s / w e e k ) 
CPP C o n t r a c t s i n P r o j e c t P r o g r e s s ( o r d e r s ) 
DCP D e l a y i n C o m p l e t i n g a P r o j e c t (weeks ) 
I t i s assumed t h a t t h e r e l a t i v e know-how r a t i o be tween t h e f i r m 
and t h e c u s t o m e r s d i r e c t l y i n f l u e n c e s t h e f i r m ' s c o m p e t i t i v e n e s s . I f t h e 
20 
f i r m ' s know-how l e v e l i s above t h e c u s t o m e r ' s e x p e c t a t i o n t o t h e e n g i n e e r ­
i n g f i r m s , t h e f i r m ' s c o m p e t i t i v e n e s s would go u p . 
CIB.K - 1/RKR.K 8,A 
CIB C o m p e t i t i v e n e s s I n f l u e n c e on B i d s ( d i m e n s i o n l e s s ) 
RKR R e l a t i v e Know-How R a t i o be tween t h e Fi rm and t h e 
Cus tomers ( d i m e n s i o n l e s s ) 
E n g i n e e r s A c q u i s i t i o n S e c t o r 
The mos t c r i t i c a l p r o d u c t i v e p r o j e c t r e s o u r c e i s e n g i n e e r i n g man­
power . I n t h e p a s t t h e f i r m had i n c r e a s e d r a t h e r r a p i d l y t h e number of 
e n g i n e e r s i n a c c o r d a n c e w i t h t h e i n c r e a s e d o r d e r s . S i n c e s e v e r a l y e a r s 
ago t h e f i r m ' s management h a s been p e r f o r m i n g i t s e f f o r t t oward t r a i n i n g 
and u t i l i z i n g t h e e n g i n e e r s r e c r u i t e d i n l i e u of h i r i n g many e n g i n e e r s 
b e c a u s e t h e f i r m ' s management r e c o g n i z e d t h a t t h e number of e n g i n e e r s had 
r e a c h e d t h e d e s i r e d l e v e l . As h i g h knowledge i s n e c e s s a r y when d e a l i n g 
w i t h o v e r a l l p l a n n i n g and d e s i g n i n g of c o m p l e t e p r o c e s s p l a n t s , a l o n g 
t r a i n i n g p e r i o d i s r e q u i r e d of e n g i n e e r s b e f o r e t h e y a r e u t i l i z e d . T h e r e ­
f o r e , t h e f i r m ' s h i r i n g and f i r i n g of e n g i n e e r s i s r a t h e r s t a b l e r e g a r d ­
l e s s of t h e number of o r d e r s . To t h e f i r m , t h e s t a b i l i t y of t h e e n g i n e e r ­
i n g g r o u p o v e r a l o n g p e r i o d i s a more i m p o r t a n t i n f l u e n c e on i t s h i r i n g 
p o l i c i e s t h a n i s t h e f l u c t u a t i o n of t h e number of o r d e r s . A f l ow d i a g r a m 
of t h e e n g i n e e r s a c q u i s i t i o n s e c t o r i s i l l u s t r a t e d i n F i g u r e 5 . 
The a n n u a l h i r i n g r a t e of new e n g i n e e r s i s a c t u a l l y e q u a l t o a b o u t 
f i v e p e r c e n t of t h e number of e n g i n e e r s wh ich a r e a l r e a d y employed . On 
t h e o t h e r h a n d , a b o u t t h r e e p e r c e n t of employed e n g i n e e r s l e a v e t h e f i r m 
d u r i n g t h e y e a r . I t i s assumed t h a t e n g i n e e r s a r e e q u a l l y h i r e d o r f i r e d 
t h r o u g h o u t t h e y e a r . 
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EHR E n g i n e e r s H i r i n g R a t e (men/week) 
FINE . . . . . . . . . F r a c t i o n a l I n c r e a s e i n Number of E n g i n e e r s (1 /week ) 
NET Number of E n g i n e e r s i n T r a i n i n g (men) 
NTE Newly T r a i n e d E n g i n e e r s (men/week) 
DTE De lay i n T r a i n i n g E n g i n e e r s (weeks) 
TE T r a i n e d E n g i n e e r s (men) 
ELR E n g i n e e r s L e a v i n g R a t e (men/week) 
FDNE . . . . . . . . . F r a c t i o n a l D e c r e a s e i n Number of E n g i n e e r s ( 1 / w e e k ) 
NE . . . . . . . . . Number of E n g i n e e r s (men) 
NEAP . . . . . . . . . Number of E n g i n e e r s f o r A s s i g n i n g t o P r o j e c t Teams 
(men) 
PAE P e r c e n t a g e of A s s i g n i n g E n g i n e e r s f o r P r o j e c t s 
P r o g r e s s ( p e r c e n t ) 
NPNE . . . . . . . . . Normal P e r c e n t a g e of Number of E n g i n e e r s f o r P r o ­
j e c t s P r o g r e s s ( d i m e n s i o n l e s s ) 
MEIN Management E f f o r t I n f l u e n c e on Number of E n g i n e e r s 
f o r P r o j e c t s P r o g r e s s ( d i m e n s i o n l e s s ) 
AMEF Average Management E f f o r t t oward Feedback 
( m a n a g e r i a l t i m e / w e e k ) 
F i g u r e 5 . A Flow Diagram of E n g i n e e r s A c q u i s i t i o n 
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EHR.KL - (FINE)(NE.K) 9,R 
FINE - . 0010 
ELR.KL - (FDNE)(NE.K) 10,R 
FDNE » .0006 
EHR E n g i n e e r s H i r i n g R a t e (men/week) 
FINE F r a c t i o n a l I n c r e a s e i n Number of E n g i n e e r s (1 /week ) 
NE . . . Number of E n g i n e e r s (men) 
ELR E n g i n e e r s L e a v i n g R a t e (men/week) 
FDNE F r a c t i o n a l D e c r e a s e i n Number of E n g i n e e r s ( 1 / w e e k ) 
Most new e n g i n e e r s a r e r e c r u i t e d d i r e c t l y from c o l l e g e . Even 
t h o u g h some of t h e new e n g i n e e r s had e x p e r i e n c e from o t h e r c o m p a n i e s , t h e 
f i r m r e c o g n i z e s a need f o r o r i e n t i n g and t r a i n i n g them. C o n s e q u e n t l y , 
t h e new e n g i n e e r s do n o t become p r o d u c t i v e a t o n c e . A f t e r t h e s h o r t - t e r m 
t r a i n i n g p r o g r a m s , t h e f i r m a l l o c a t e s t h e new p e r s o n n e l t o work w i t h t h e 
e x p e r i e n c e d e n g i n e e r s a v a i l a b l e . I t i s assumed t h a t t h e r e i s a c o n s t a n t 
a v e r a g e t r a i n i n g d e l a y wh ich i s a p p r o x i m a t e l y t h r e e y e a r s . F o r s i m p l i c ­
i t y i t i s a l s o assumed t h a t no e n g i n e e r s l e a v e t h e f i r m d u r i n g t h e t r a i n ­
i n g p e r i o d . 
NTE.KL - DELAYS (EHR. JK, DTE) 11 ,R 
NET.K - NET, J + (DT) (EHR. JK - NTE.JK) 1 2 , L 
NET - (EHR) (DTE) 12,N 
DTE - 1 5 6 
EHR . . . . E n g i n e e r s H i r i n g R a t e (men/week) 
NTE . . . . Newly T r a i n e d E n g i n e e r s (men/week) 
DTE . . . . De lay i n T r a i n i n g E n g i n e e r s (weeks) 
NET . . . . Number of E n g i n e e r s i n T r a i n i n g (men) 
DELAY3 . . . . F u n c t i o n a l N o t a t i o n 
The number of t r a i n e d e n g i n e e r s i s d e s c r i b e d by a l e v e l e q u a t i o n 
w i t h an i n f l o w of newly t r a i n e d e n g i n e e r s and an o u t f l o w of e n g i n e e r s 
l e a v i n g t h e f i r m . 
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TE.K - TE . J + (DT)(NTE.JK - ELR.JK) 1 3 , L 
TE - 950 
TE . . . . . . . . . T r a i n e d E n g i n e e r s (men) 
NTE . . . . . . . . . Newly T r a i n e d E n g i n e e r s (men/week) 
ELR E n g i n e e r s L e a v i n g R a t e (men/week) 
The t o t a l number of e n g i n e e r s e q u a l s t h e sura of t h e e n g i n e e r s i n 
t r a i n i n g and t h e t r a i n e d e n g i n e e r s . 
NE.K - NET.K + TE.K 14 ,A 
NE Number of E n g i n e e r s (men) 
NET . . . . . . . . . Number of E n g i n e e r s i n T r a i n i n g (men) 
TE T r a i n e d E n g i n e e r s (men) 
The number of e n g i n e e r s a v a i l a b l e f o r a s s i g n m e n t t o t h e p r o j e c t 
t eams v a r i e s by t h e f i r m ' s management p o l i c i e s . The number of e n g i n e e r s 
i s t h e r e f o r e e q u a l t o t h e t o t a l number of e n g i n e e r s m u l t i p l i e d by t h e p e r ­
c e n t a g e of t h e number of e n g i n e e r s f o r p r o j e c t s p r o g r e s s . 
NEAP.K - (PAE.K)(NE.K) 15 ,A 
NEAP Number of E n g i n e e r s f o r A s s i g n i n g t o P r o j e c t Teams 
(men) 
PAE P e r c e n t a g e of A s s i g n i n g E n g i n e e r s f o r P r o j e c t s 
P r o g r e s s ( p e r c e n t ) 
NE Number of E n g i n e e r s (men) 
I t i s assumed t h a t s e v e n t y p e r c e n t of e n g i n e e r s a r e k e p t i n t h e 
e n g i n e e r s ' p o o l f o r p r o j e c t s p r o g r e s s , t w e n t y - f i v e p e r c e n t of e n g i n e e r s 
a r e a s s i g n e d f o r t h e f i r m ' s r e s e a r c h and d e v e l o p m e n t p r o j e c t s , and f i v e 
p e r c e n t of e n g i n e e r s a r e n e e d e d f o r o t h e r works wh ich a r e m a i n l y t o p 
management and i n d i r e c t o r s t a f f w o r k i n g . I t i s p resumed t h a t e n g i n e e r s 
of t h e r e s e a r c h and d e v e l o p m e n t g r o u p s a r e n o t t r a n s f e r r e d t o t h e p r o j e c t 
t e a m s . However, t h e f i r m ' s management o f t e n c h a n g e s t h o s e p e r c e n t a g e s i n 
r e s p o n s e t o t h e work l o a d . When management e f f o r t toward f e e d b a c k of 
know-how i n c r e a s e s , t h e number of e n g i n e e r s f o r p r o j e c t s p r o g r e s s d e c r e a s e s 
and management a s s i g n s more e n g i n e e r s f o r i m p l e m e n t i n g f e e d b a c k of know-how. 
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On t h e o t h e r h a n d , i f management e f f o r t t oward f e e d b a c k d e c r e a s e s , more 
e n g i n e e r s a r e a s s i g n e d f o r p r o j e c t s p r o g r e s s . F i g u r e 6 shows t h e r e l a ­
t i o n s h i p s be tween t h e number of e n g i n e e r s f o r p r o j e c t s p r o g r e s s and a v e r ­
age management e f f o r t toward f e e d b a c k of know-how. 
MEIN 
1.10 1 
. 6 0 I 1 > > » 1 I ) 1 
0 200 400 600 800 1000 1200 1400 1600 
AMEF 
F i g u r e 6 . F r a c t i o n of E n g i n e e r s v s . Average Management E f f o r t 
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MEIN.K - TABHL (TBMEN, AMEF.K.O, 1600 , 200) 16 ,A 
TBMEN * - 1 . 0 3 / 1 . 0 1 / . 9 8 / . 9 4 / . 8 2 / . 7 0 / . 6 6 / . 6 4 / . 6 2 
MEIN Management E f f o r t I n f l u e n c e on Number of E n g i n e e r s f o r 
P r o j e c t s P r o g r e s s ( d i m e n s i o n l e s s ) 
AMEF Average Management E f f o r t toward Feedback ( m a n a g e r i a l 
t i m e / w e e k ) 
TBMEN ... T a b l e f o r MEIN ( s e e F i g u r e 6) 
TABHL F u n c t i o n a l N o t a t i o n 
The p e r c e n t a g e of t h e number of e n g i n e e r s f o r p r o j e c t s p r o g r e s s 
i s t h e r e f o r e e q u a l t o t h e no rma l p e r c e n t a g e m u l t i p l i e d by management 
e f f o r t i n f l u e n c e on t h e number of e n g i n e e r s f o r p r o j e c t s p r o g r e s s . 
PAE.K - (NPNE)(MEIN.K) 17 ,A 
NPNE - . 7 0 
PAE P e r c e n t a g e of A s s i g n i n g E n g i n e e r s f o r P r o j e c t s 
P r o g r e s s ( p e r c e n t ) 
NPNE Normal P e r c e n t a g e of Number of E n g i n e e r s f o r 
P r o j e c t s P r o g r e s s ( d i m e n s i o n l e s s ) 
MEIN Management E f f o r t I n f l u e n c e on Number of E n g i n e e r s 
f o r P r o j e c t s P r o g r e s s ( d i m e n s i o n l e s s ) 
Work Load D e t e r m i n a t i o n S e c t o r 
F i g u r e 7 d e p i c t s t h e work l o a d d e t e r m i n a t i o n s e c t o r . The work 
l o a d i s d e t e r m i n e d by t h e number of e n g i n e e r s a v a i l a b l e , t h e number of 
p r o j e c t t e ams i n p r o g r e s s and t h e e n g i n e e r i n g know-how l e v e l . I t i s 
assumed t h a t s i x e n g i n e e r s i n c l u d i n g e n g i n e e r s i n t r a i n i n g a r e n e e d e d 
f o r a p r o j e c t team d u r i n g p r o j e c t p r o g r e s s b e c a u s e t h e f i r m a l w a y s a c ­
q u i r e s j u s t one k i n d of c o n t r a c t a s m e n t i o n e d p r e v i o u s l y . T h e r e f o r e , 
t h e e n g i n e e r s a s s i g n i n g r a t e i s f o r m u l a t e d a s t h e m u l t i p l i c a t i o n of s i x 
e n g i n e e r s by t h e p r o j e c t o r g a n i z i n g r a t e . 
EAR.KL - (NENC)(POR,JK) 18 ,R 
NENC - 6 
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EAR . . . . . . . . . E n g i n e e r s A s s i g n i n g R a t e (men/week) 
NENC . . . . . . . . . Number of E n g i n e e r s Needed p e r C o n t r a c t ( m e n / o r d e r ) 
POR P r o j e c t O r g a n i z i n g Ra t e ( o r d e r s / w e e k ) 
The e n g i n e e r s r e l e a s i n g r a t e i s a l s o o b t a i n e d by t h e m u l t i p l i e d . 
t i o n of s i x e n g i n e e r s by t h e p r o j e c t c o m p l e t i n g r a t e . 
ERR.KL - (NENC)(CCR.JK) 19 ,R 
ERR E n g i n e e r s R e l e a s i n g Ra t e (men/week) 
NENC , . Number of E n g i n e e r s Needed p e r C o n t r a c t ( m e n / o r d e r ) 
CCR C o n t r a c t C o m p l e t i n g R a t e ( o r d e r s / w e e k ) 
The f i r m h a s been e x p e r i e n c i n g o v e r t i m e o v e r a l o n g p e r i o d . The 
number of e n g i n e e r s o c c u p i e d f o r p r o j e c t t eams i s an a r t i f i c i a l number t o ' 
d e m o n s t r a t e t h e f i r m , s o v e r t i m e s i t u a t i o n . In o t h e r w o r d s , t h i s number 
can be more t h a n t h e a c t u a l number of e n g i n e e r s . 
NEOP.K - NEOP.J + (DT)(EAR,JK - ERR,JK) 2 0 , L 
NEOP - 540 20,N 
NEOP Number of E n g i n e e r s Occupied f o r P r o j e c t Teams (men) 
EAR E n g i n e e r s A s s i g n i n g Ra t e (men/week) 
ERR E n g i n e e r s R e l e a s i n g Ra t e (men/week) 
Having p r o j e c t e x p e r i e n c e and u p - t o - d a t e w r i t t e n fo rms of know-
how, t h e f i r m ' s e n g i n e e r s improve t h e i r s k i l l t o c a r r y o u t t h e c o n t r a c t s . 
I t p r o v i d e s f o r more e f f e c t i v e and r a p i d a c c o m p l i s h m e n t of t h e c o n t r a c t s . 
On t h e o t h e r h a n d , t h e c u s t o m e r s * e x p e c t a t i o n of t h e know-how l e v e l of t h e 
f i r m i s a l s o i n c r e a s i n g . C o n s e q u e n t l y , t h e r e l a t i v e know-how r a t i o b e ­
tween t h e c u s t o m e r s and t h e f i r m i n f l u e n c e s t h e work l o a d . 
WLE.K - (RKR.K)(NEOP.K)/NEAP,K 21 ,A 
WLE Work Load f o r E n g i n e e r s ( d i m e n s i o n l e s s ) 
RKR R e l a t i v e Know-How R a t i o be tween t h e c u s t o m e r s and 
t h e f i r m ( d i m e n s i o n l e s s ) 
NEOP Number of E n g i n e e r s Occupied f o r P r o j e c t Teams (men) 




EAR . E n g i n e e r s A s s i g n i n g R a t e (men/week) 
POR . . . . . . . . . P r o j e c t O r g a n i z i n g R a t e ( o r d e r s / w e e k ) 
NENC Number of E n g i n e e r s Needed p e r C o n t r a c t (men/ 
o r d e r ) 
NEOP Number of E n g i n e e r s Occupied f o r P r o j e c t 
Teams (men) 
ERR E n g i n e e r s R e l e a s i n g R a t e (men/week) 
CCR . . . . . . . . . C o n t r a c t Comple t i ng R a t e ( o r d e r s / w e e k ) 
WLE Work Load f o r E n g i n e e r s ( d i m e n s i o n l e s s ) 
NEAP Number of E n g i n e e r s f o r A s s i g n i n g t o 
P r o j e c t Teams (men) 
RKR R e l a t i v e Know-How R a t i o be tween t h e c u s t o m e r s 
and t h e f i r m ( d i m e n s i o n l e s s ) 
F i g u r e 7, A Flow Diagram of Work Load D e t e r m i n a t i o n 
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Management E f f o r t S e c t o r 
The f i r m ' s e n g i n e e r s , who a r e a s s i g n e d t o p r o j e c t t e a m s , a r e im­
p r o v i n g t h e i r know-how l e v e l t h r o u g h p r o j e c t e x p e r i e n c e . The know-how 
l e v e l a s a t o t a l s y s t e m , however , c a n n o t be e f f e c t i v e l y improved u n l e s s 
t h e f i r m ' s management e f f o r t s a r e e x e c u t e d t o c a r r y i n g o u t s y s t e m a t i c 
f e e d b a c k of know-how. I t i s assumed t h a t such management e f f o r t i s d e p e n d ­
e n t on t h e a v e r a g e work l o a d . I f t h e a v e r a g e work l o a d i n c r e a s e s , manage­
ment i s r e q u i r e d t o spend mos t Of i t s t i m e c a r r y i n g o u t t h e o r d e r s , and 
l i t t l e e f f o r t i s a v a i l a b l e f o r i m p l e m e n t i n g f e e d b a c k Of know-how. Some 
f e e d b a c k i s s t i l l c a r r i e d o u t , b e c a u s e a few e n g i n e e r s a r e p a r t i c u l a r l y 
a s s i g n e d t o t h i s f u n c t i o n . N e v e r t h e l e s s , i f t h e a v e r a g e work l o a d b e ­
comes e x t r e m e l y h e a v y , t h o s e e n g i n e e r s a r e a l s o t r a n s f e r r e d t o p r o j e c t 
t e a m s , c a u s i n g no e f f o r t toward f e e d b a c k . 
F i g u r e 8 shows a f low d i a g r a m of t h e management e f f o r t s e c t o r . 
The a v e r a g e work l o a d i s a s h o r t - t e r m a v e r a g e of t h e work l o a d . I t c a n 
be w r i t t e n a s a f i r s t - o r d e r e x p o n e n t i a l smoo th ing e q u a t i o n . 
AWLE.K - AWLE.J + (DT)(l/DAWLE)(WLE.J - AWLE.J) 2 2 , L 
AWLE - 0 . 8 9 
DAWLE - 4 
AWLE , . Average Work Load f o r E n g i n e e r s ( d i m e n s i o n l e s s ) 
WLE ... Work Load f o r E n g i n e e r s ( d i m e n s i o n l e s s ) 
DAWLE D e l a y i n A v e r a g i n g Work Load f o r E n g i n e e r s (weeks) 
F i g u r e 9 shows t h e r e l a t i o n s h i p be tween f r a c t i o n of management 
e f f o r t t oward f eedback and t h e a v e r a g e work l o a d . 
FMEF.K - TABHL (TBFME, AWLE.K, 0 , 3 , 0 . 3 ) 23 ,A 
TBFME* - . 3 5 / . 3 4 / . 3 1 5 / . 2 6 / . 0 6 / . 0 2 / . 0 0 8 / 0 / 0 / 0 / 0 
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( W L E h 
DAWLE DAMEF 
WLE Work Load f o r E n g i n e e r s ( d i m e n s i o n l e s s ) 
AWLE Average Work Load f o r E n g i n e e r s ( d i m e n s i o n l e s s ) 
DAWLE Delay i n A v e r a g i n g Work Load f o r E n g i n e e r s 
(weeks) 
FMEF F r a c t i o n of Management E f f o r t toward Feedback of 
Know-How ( d i m e n s i o n l e s s ) 
MEF Management E f f o r t toward Feedback of Know-How 
( m a n a g e r i a l t i m e / w e e k ) 
AMEF Average Management E f f o r t toward Feedback 
( m a n a g e r i a l t i m e / w e e k ) 
DAMEF De lay i n A v e r a g i n g Management E f f o r t t oward 
Feedback (weeks) 
MT M a n a g e r i a l Time ( m a n a g e r i a l t i m e / w e e k ) 
F i g u r e 8, A Flow Diagram of Management E f f o r t 
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FMEF F r a c t i o n of Management E f f o r t toward Feedback of 
Know-How ( d i m e n s i o n l e s s ) 
AWLE # # Average Work Load f o r E n g i n e e r s ( d i m e n s i o n l e s s ) 
TBFME T a b l e f o r FMEF ( s e e F i g u r e 9) 
FMEF 
F i g u r e 9 . Management E f f o r t v s . Average Work Load 
The amount of e f f o r t toward f eedback i s t h e r e f o r e e q u a l t o t h e 
t o t a l amount of m a n a g e r i a l t i m e m u l t i p l i e d by t h e f r a c t i o n toward feed­
b a c k . 
MEF.K - (FMEF.K)(MT) 24,A 
MT - 3800 
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MEF Management E f f o r t t oward Feedback of Know-How 
( m a n a g e r i a l t i m e / w e e k ) 
FMEF . , F r a c t i o n of Management E f f o r t t oward Feedback of 
Know-How ( d i m e n s i o n l e s s ) 
MT M a n a g e r i a l Time ( m a n a g e r i a l t i m e / w e e k ) 
The l e v e l of know-how d o e s n o t r e s p o n d i m m e d i a t e l y t o c h a n g e s i n 
q u o t e d management e f f o r t . I t i s some a v e r a g e v a l u e of t h e q u a n t i t y t h a t 
i n f l u e n c e s t h e know-how l e v e l . 
AMEF.K - AMEF.J + (DT)(1/DAMEF)(MEF.J - AMEF.J) 2 5 , L 
AMEF - MEF 25,N 
DAMEF « 4 
AMEF Average Management E f f o r t toward Feedback (man­
a g e r i a l t i m e / w e e k ) 
MEF Management E f f o r t t oward Feedback of Know-How 
( m a n a g e r i a l t i m e / w e e k ) 
DAMEF De lay i n A v e r a g i n g Management E f f o r t toward Feed­
back (weeks) 
E n g i n e e r i n g Know-How S e c t o r 
Any d i s c u s s i o n of e n g i n e e r i n g p r o d u c t i v i t y t e n d s i n h e r e n t l y t o 
become h i g h l y complex f o r two r e a s o n s . F i r s t , t h e r e e x i s t s l i t t l e a g r e e ­
ment ( d e s p i t e v a s t r e s e a r c h ) a b o u t t h e d e t e r m i n a n t s of human p r o d u c t i v i t y . 
Second , one of t h e few g e n e r a l a g r e e m e n t s i s t h a t t h e i n f l u e n c e s upon p r o ­
d u c t i v i t y of e n g i n e e r s a r e b o t h numerous and h i g h l y u n s t r u c t u r e d . E f f e c ­
t i v e e n g i n e e r i n g p r o d u c t i v i t y i s b e l i e v e d t o be d e p e n d e n t on t h e number 
of e n g i n e e r s , t h e d e g r e e t o which e n g i n e e r s p o s s e s s u t i l i z a b l e s k i l l , and 
t h e g e n e r a l l e v e l of t h e p o t e n t i a l t e c h n o l o g i c a l u t i l i z a t i o n ( 1 7 ) , The 
number of e n g i n e e r s i s d i s c u s s e d i n t h e e n g i n e e r s ' a c q u i s i t i o n s e c t o r . 
As m e n t i o n e d i n t h e management e f f o r t s e c t o r , e n g i n e e r s a s s i g n e d t o p r o ­
j e c t t eams improve t h e i r e n g i n e e r i n g s k i l l by g e t t i n g know-how from t h e 
c u s t o m e r s , t h e s u p p l i e r s , e n g i n e e r s i n t h e f i r m i t s e l f , and by t h e m a t e ­
r i a l s p u b l i s h e d d u r i n g p r o j e c t a c c o m p l i s h m e n t . The g e n e r a l l e v e l of t h e 
ARK A c q u i s i t i o n Ra te of Know-How ( 1 / w e e k ) 
MEIF Management E f f o r t I n f l u e n c e on Feedback ( 1 / w e e k ) 
TLIF T r a i n e d L e v e l I n f l u e n c e on Feedback ( d i m e n s i o n l e s s ) 
PLK P o t e n t i a l Leve l of Know-How ( d i m e n s i o n l e s s ) 
TIME Dynamo s i m u l a t i o n Time N o t a t i o n (week) 
FRK Feedback Ra t e of Know-How ( 1 / w e e k ) 
DFK De lay i n Feedback of Know-How (weeks) 
KLF Know-How L e v e l by Feedback ( d i m e n s i o n l e s s ) 
ORK O b s o l e s c e n c e Ra t e of Know-How ( l / w e e k ) 
DKHO Delay i n Know-How O b s o l e s c e n c e (weeks ) 
EKLC E x p e c t e d Know-How L e v e l by t h e Cus tomers ( d i m e n s i o n l e s s ) 
CRNC Cus tomers R e c o g n i t i o n Normal C o n s t a n t ( d i m e n s i o n l e s s ) 
RKR R e l a t i v e Know-How R a t i o be tween t h e Firm and t h e 
Cus tomers ( d i m e n s i o n l e s s ) 
TRLE T r a i n e d L e v e l of E n g i n e e r s ( d i m e n s i o n l e s s ) 
STLE Smoothed T r a i n e d L e v e l of E n g i n e e r s ( d i m e n s i o n l e s s ) 
NE Number of E n g i n e e r s (men) 
TE . . . . . . . . . T r a i n e d E n g i n e e r s (men) 
DCTL De lay i n Changing T r a i n e d L e v e l (weeks) 
AMEF Average Management E f f o r t toward Feedback ( m a n a g e r i a l 
t i m e / w e e k ) 
F i g u r e 10 . A Flow Diagram of A c q u i r i n g Know-How 
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p o t e n t i a l t e c h n o l o g i c a l u t i l i z a t i o n i s c o n s i d e r e d i n t h i s model a s t h e 
u p - t o - d a t e know-how l e v e l . A f l o w d i a g r a m of e n g i n e e r i n g know-how s e c t o r 
i s i l l u s t r a t e d i n F i g u r e 10 . 
I t i s assumed t h a t a c u s t o m e r h o l d s a v e r y h i g h know-how l e v e l i n 
t h e p e t r o l e u m and c h e m i c a l i n d u s t r y . F i g u r e 11 shows t h e assumed d e v e l o p ­
ment of t h a t c u s t o m e r ' s know-how l e v e l . 
PLK.K - TABHL (TBPIK, TIME.K, 0 , 5 2 0 , 4 0 ) 26,A 
TBPLK* « . 3 8 / . 4 0 / . 4 3 / . 4 6 / . 4 9 / . 5 2 / . 5 6 / . 6 0 / 
. 6 5 / . 7 0 / . 7 6 / . 8 3 / . 9 1 / 1 . 0 0 
PLK P o t e n t i a l L e v e l of Know-How ( d i m e n s i o n l e s s ) 
TIME Dynamo S i m u l a t i o n Time N o t a t i o n (week) 
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. 1 
A l t h o u g h t h e f i r m owns t h e r e s e a r c h and d e v e l o p m e n t c e n t e r , i t i s 
l i m i t e d i n i t s a b i l i t y t o g e t e f f e c t i v e d a t a of t h e o p e r a t i o n and m a i n t e ­
n a n c e of v a r i o u s p l a n t s . S i n c e t h e s e d a t a i n f l u e n c e t h e e n g i n e e r i n g know-
how l e v e l , i t i s assumed t h a t t h e f i r m c a n n o t improve i t ' s know-how l e v e l 
more t h a n t h e p o t e n t i a l know-how l e v e l d u r i n g t h e s i m u l a t i o n t i m e . F i g u r e 
12 d e p i c t s t h e p e r c e n t a g e of t h e know-how l e v e l which t h e f i r m c a n a c q u i r e 
by i t ' s f e e d b a c k e f f o r t . The amount of f e e d b a c k i s d i r e c t l y d e p e n d e n t on 
a v e r a g e management e f f o r t d i r e c t e d toward f e e d b a c k of know-how. 
AMEF 
500 1000 1600 
F i g u r e 1 2 . Management E f f o r t I n f l u e n c i n g Know-How L e v e l v s . 
Average Management E f f o r t 
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MEIF.K - TABHL (TBMEF, AMEF.K, 0 , 1600 , 200) 27,A 
TBMEF* • . 1 0 / . 1 4 / . 2 4 / . 4 8 / . 6 4 / . 7 0 / . 7 4 / . 7 6 / . 7 8 
MEIF Management E f f o r t I n f l u e n c e on Feedback (1 /week ) 
AMEF Average Management E f f o r t t oward Feedback (mana­
g e r i a l t i m e / w e e k ) 
The t r a i n e d l e v e l of e n g i n e e r s a l s o i n f l u e n c e s f e e d b a c k . F o r 
s i m p l i c i t y i t i s assumed t h a t t h e t r a i n e d l e v e l c a n be w r i t t e n a s a r a t i o 
be tween t h e t o t a l number of e n g i n e e r s and t h e number of t r a i n e d e n g i n e e r s . 
TRLE.K - TE.K/NE.K 28,A 
TRLE T r a i n e d L e v e l of E n g i n e e r s ( d i m e n s i o n l e s s ) 
TE T r a i n e d E n g i n e e r s (men) 
NE Number of E n g i n e e r s (men) 
I t i s some a v e r a g e v a l u e of t h e r a t i o t h a t i n f l u e n c e s f e e d b a c k 
e f f o r t , b e c a u s e some e n g i n e e r s a r e accus tomed t o work f o r f e e d b a c k b u t 
some a r e n o t . 
STLE.K « STLE.J + (DT)(1/DCTL)(TRLE.J - STLE.J) 2 9 , L 
STLE - TRLE 29,N 
DCTL - 4 
STLE Smoothed T r a i n e d L e v e l of E n g i n e e r s ( d i m e n s i o n l e s s ) 
TRLE . . . . . . . . . T r a i n e d L e v e l of E n g i n e e r s ( d i m e n s i o n l e s s ) 
DCTL De lay i n Changing T r a i n e d L e v e l (weeks) 
The f r a c t i o n a l i n f l u e n c e of t h e t r a i n e d l e v e l t oward f e e d b a c k i s 
i l l u s t r a t e d i n F i g u r e 1 3 . 
TLIF.K - TABHL (TBTLF, STLE.K, 0 , 1 . 0 , . 2 ) 30 ,A 
TBTLF* - . 0 2 / . 0 3 5 / . 0 5 / . 0 6 / . 0 7 / . 0 8 / . 0 8 7 / 
. 0 9 3 / . I 0 / . 1 1 / . 1 3 
TLIF T r a i n e d L e v e l I n f l u e n c e on Feedback ( d i m e n s i o n l e s s ) 
STLE Smoothed T r a i n e d L e v e l of E n g i n e e r s ( d i m e n s i o n l e s s ) 
TBTLF T a b l e f o r TLIF ( s e e F i g u r e 13) 
By combin ing a l l t h e s e i n f l u e n c e s on f e e d b a c k - - - - - t h e p o t e n t i a l 
l e v e l of know-how of PLK, management e f f o r t i n f l u e n c e on f e e d b a c k of MEIF, 
and t h e t r a i n e d l e v e l i n f l u e n c e on f e e d b a c k of TLIF t h e e q u a t i o n i s 
w r i t t e n f o r t h e a c q u i s i t i o n r a t e of know-how, 
ARK.KL - (PIK.K)(MEIF.K)(TLIF.K) 31 ,R 
ARK A c q u i s i t i o n R a t e of Know-How ( 1 / w e e k ) 
PLK P o t e n t i a l L e v e l of Know-How ( d i m e n s i o n l e s s ) 
MEIF Management E f f o r t I n f l u e n c e on Feedback ( 1 / w e e k ) 
TLIF . . . . . . . . . T r a i n e d L e v e l I n f l u e n c e on Feedback ( d i m e n s i o n l e s s ) 
In a l l l i k e l i h o o d , a c o u p l e of months g o e s by b e f o r e t h e e n g i n e e r s 
on t h e p r o j e c t s a r e a b l e t o u t i l i z e e f f e c t i v e l y new o r r e v i s e d know-how on 
t h e p r o j e c t p r o b l e m . A t y p i c a l method of f e e d b a c k f o r know-how i s t o p r e ­
p a r e i n w r i t t e n form such a s s t a n d a r d s p e c i f i c a t i o n s , m a n u a l s , and t h e 
l i k e . Thus , t h e d e l a y i n f e e d b a c k of know-how a l s o i n c l u d e s t h e t i m e of 
w r i t i n g , d i s c u s s i n g , c o m p i l i n g , p r i n t i n g , and d i s t r i b u t i o n . The d e l a y i s 
assumed t o be a b o u t n i n e m o n t h s . 
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FRK.KL - DELAY 3(ARK.JK, DFK) 32 ,R 
DFK - 39 
FRK Feedback R a t e of Know-How ( 1 / w e e k ) 
ARK A c q u i s i t i o n Ra t e of Know-How ( 1 / w e e k ) 
DFK De lay i n Feedback of Know-How (weeks) 
DELAY3 F u n c t i o n a l N o t a t i o n 
Know-how g a i n e d by f e e d b a c k e f f o r t i n g e n e r a l becomes o b s o l e t e 
w i t h t h e p a s s i n g t i m e , b e c a u s e of t h e r a p i d t e c h n o l o g i c a l d e v e l o p m e n t . 
I t i s assumed t h a t t h e a v e r a g e o b s o l e s c e n t t i m e of know-how i s a y e a r . 
I t t a k e s t h i r t y - n i n e w e e k s , a s m e n t i o n e d a b o v e , f o r t h e e n g i n e e r s t o 
u t i l i z e new o r r e v i s e d know-how a f t e r t h e e n g i n e e r i n g d a t a o r m a t e r i a l s 
a r e a c q u i r e d t h r o u g h p r o j e c t a c c o m p l i s h m e n t . DKHO i s t h e r e f o r e a c t u a l l y 
t h i r t e e n w e e k s . 
ORK.KL - KLF.K/DKHO 33 ,R 
DKHO - 13 
ORK O b s o l e s c e n c e R a t e of Know-How (1 /week ) 
KLF Know-How L e v e l by Feedback ( d i m e n s i o n l e s s ) 
DKHO D e l a y i n Know-How O b s o l e s c e n c e (weeks) 
The e f f e c t i v e know-how l e v e l i s f o r m u l a t e d a s a r e g u l a r l e v e l 
e q u a t i o n w i t h an i n f l o w of newly g a i n e d know-how and an o u t f l o w of o b s o ­
l e s c e n t know-how. 
KLF.K - KLF,J + (DT)(FRK,JK - ORK.JK) 3 4 , L 
KLF - , 1 5 
KLF Know-How L e v e l by Feedback ( d i m e n s i o n l e s s ) 
FRK Feedback R a t e of Know-How ( I / w e e k ) 
ORK O b s o l e s c e n c e R a t e of Know-How ( 1 / w e e k ) 
As a m a t t e r of f a c t , t h e r e a r e v a r i o u s c u s t o m e r s on d i f f e r e n t know-
how l e v e l s . I t i s t h e r e f o r e assumed t h a t t h e a v e r a g e e x p e c t a t i o n of t h e 
know-how l e v e l of t h e e n g i n e e r i n g f i r m s by t h e g e n e r a l c u s t o m e r s i s f i f t y 
p e r c e n t of PLK. 
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EKLC.K * (CRNC)(PLK.K) 35 ,A 
CRNC « . 5 0 
EKLC E x p e c t e d Know-How L e v e l by t h e Cus tomers 
( d i m e n s i o n l e s s ) 
CRNC Cus tomers R e c o g n i t i o n Normal C o n s t a n t ( d i m e n s i o n l e s s ) 
PLK P o t e n t i a l L e v e l of Know-How ( d i m e n s i o n l e s s ) 
The r e l a t i v e know-how r a t i o be tween t h e c u s t o m e r s and t h e f i rm i s 
t a k e n t o be a f u n c t i o n of t h e know-how l e v e l a f f e c t i n g t h e work l o a d and 
t h e f i r m * s c o m p e t i t i v e n e s s . 
RKR.K - EKLC.K/KLF. K 36 ,A 
RKR R e l a t i v e Know-How R a t i o be tween t h e Firm and t h e 
Cus tomers ( d i m e n s i o n l e s s ) 
EKLC E x p e c t e d Know-How L e v e l by t h e Cus tomer s ( d i m e n s i o n l e s s ) 
KLF Know-How L e v e l by Feedback ( d i m e n s i o n l e s s ) 
T h i s c o m p l e t e s t h e e q u a t i o n w r i t i n g and p a r a m e t e r s p e c i f i c a t i o n 
d e s c r i b i n g t h e m o d e l . 
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CHAPTER V 
ANALYSIS OF THE MODEL 
On t h e b a s i s of t h e h y p o t h e s i s p e r t i n e n t t o t h e sys t em s t r u c t u r e 
f o r t h e e n g i n e e r i n g f i r m , a model of t h e i n t e r a c t i o n s h a s been d e v e l o p e d 
i n t h e p r e v i o u s c h a p t e r . T h i s c h a p t e r d e a l s w i t h t h e b e h a v i o r of t h e 
model i n o r d e r t o d e m o n s t r a t e how t h e i n t e r a c t i o n s be tween t h e number of 
o r d e r s and t h e know-how l e v e l p r o d u c e f l u c t u a t i o n s i n t h e work l o a d and 
management e f f o r t toward f e e d b a c k of know-how. 
The f i r s t s i m u l a t i o n r u n i n d i c a t e s t h e b e h a v i o r of t h e model i n 
r e s p o n s e t o a 25 p e r c e n t s t e p i n c r e a s e i n p r o s p e c t i v e b i d s . The second 
and t h i r d r u n s s i m u l a t e t h e b e h a v i o r of t h e model w i t h c h a n g e s i n two 
p a r a m e t e r s , which a r e t h e d e l a y i n f e e d b a c k of know-how, and t h e d e l a y i n 
know-how o b s o l e s c e n c e . 
F o r t h e s econd and t h i r d r u n , i t i s assumed t h a t t h e a v e r a g e o b ­
s o l e s c e n c e t i m e of know-how i s a month and a h a l f l o n g e r t h a n t h e b a s i c 
m o d e l . By c h a n g i n g t h o s e p a r a m e t e r s , i t c an be o b s e r v e d how t h e t i m i n g 
of f e e d b a c k of know-how a f f e c t s t h e f i r m ' s p e r f o r m a n c e i n t e r m s of t h e 
c o n t r a c t r a t e and t h e work l o a d f o r e n g i n e e r s . 
The t i m e u n i t s e l e c t e d f o r i t e r a t i v e c a l c u l a t i o n p u r p o s e s was one 
week and t h e s i m u l a t e d t i m e was s e l e c t e d t o be 10 y e a r s . 
B e h a v i o r a l A n a l y s i s f o r t h e S t e p I n p u t (Run 1) 
A s t e p i n c r e a s e i n p r o s p e c t i v e b i d s h a s been s e l e c t e d a s t h e t e s t 
i n p u t t o t h e mode l . F i g u r e 14 shows t h e b a s i c model b e h a v i o r which was 
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s e t up e x a c t l y a s d e s c r i b e d i n t h e p r e v i o u s c h a p t e r . The 25 p e r c e n t s t e p 
i n p u t f i g u r e was a r b i t r a r i l y c h o s e n t o be t h e d r i v i n g f u n c t i o n t h r o u g h o u t 
t h e r e m a i n d e r of t h e model a n a l y s i s . 
As a g e n e r a l o v e r v i e w , t h e p a t t e r n of t h e c u r v e r e p r e s e n t i n g t h e 
work l o a d f o r e n g i n e e r s s h o u l d be n o t e d . W i t h i n a p e r i o d (week 5 t h r u 80) 
t h e work l o a d i s no more t h a n 1 .0 , which i m p l i e s no o v e r t i m e on an a v e r a g e 
e x i s t s i n t h e f i r m . T h i s c a u s e s a h i g h know-how l e v e l and an i n c r e a s e i n 
t h e c o n t r a c t r a t e . A l t h o u g h t h e c o n t r a c t r a t e r a t h e r r a p i d l y i n c r e a s e s 
by t h e t e s t i n p u t i n t r o d u c e d a t week 2 6 , t h e c o n t r a c t r a t e s t a r t s t o i n ­
c r e a s e i n advance a t week 1 5 , T h i s i s c a u s e d by t h e i n c r e a s i n g c o m p e t i ­
t i v e n e s s . A f t e r t h e c o n t r a c t r a t e r e a c h e s t h e f i r s t peak which e q u a l s 5 , 8 
a t week 7 5 , d e v e l o p m e n t of t h e know-how l e v e l a l s o r e a c h e s a peak and s t a r t s 
t o d e c r e a s e c a u s i n g an i n c r e a s e i n t h e work l o a d . At week 220 t h e work l o a d 
r e a c h e s a p e a k , c a u s i n g no management e f f o r t toward f e e d b a c k of know-how. 
Tha t r e d u c e s t h e c o n t r a c t r a t e t o a b o u t 0 . 9 o r d e r s p e r week wh ich i n d i c a t e s 
a s e r i o u s s i t u a t i o n i n t h e f i r m . The work l o a d n a t u r a l l y d e c l i n e s t o a 
bo t tom of 0 . 4 3 a t week 3 7 5 . The f i r m d o e s n o t f i r e any e n g i n e e r s d u r i n g 
t h e s h o r t - t e r m f l u c t u a t i o n due t o i t s management p o l i c y which was men­
t i o n e d i n t h e e n g i n e e r s a c q u i s i t i o n s e c t o r of C h a p t e r IV. Thus , i t s man­
agement s e e k s t o u t i l i z e t h e i d l e e n g i n e e r s . A t y p i c a l way of u t i l i z i n g 
e n g i n e e r s i s t o c a r r y o u t f e e d b a c k of know-how. Management a l s o r e c o g ­
n i z e s t h a t t h e r e e x i s t s a l a r g e gap i n t h e know-how l e v e l s of t h e f i r m 
and t h e c u s t o m e r s b e c a u s e of t h e d e c l i n i n g o r d e r r a t e . Thus , from week 
260 t o week 380 i t i s o b s e r v e d t h a t management e f f o r t t oward f e e d b a c k 
r a t h e r r a p i d l y i n c r e a s e s and r e a c h e s t h e s econd peak a t week 380 . The 
know-how l e v e l s t a r t s t o i n c r e a s e by s t r o n g e f f o r t t oward f e e d b a c k of 
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know-how, c a u s i n g an i n c r e a s e i n t h e c o m p e t i t i v e n e s s and t h e n t h e c o n ­
t r a c t r a t e . At week 475 t h e know-how l e v e l and t h e c o n t r a c t r a t e r e a c h 
t h e i r s econd p e a k , c a u s i n g an i n c r e a s e i n t h e work l o a d a g a i n . I t i s 
i n t e r e s t i n g t o n o t e t h a t t h i s i s a p p r o x i m a t e l y t h e same work load p a t t e r n 
wh ich h a s been e x p e r i e n c e d by t h e f i r m . 
By r e f e r r i n g t o F i g u r e 1 4 , a more d e t a i l e d d e s c r i p t i o n of t h e b e ­
h a v i o r w i l l be p r e s e n t e d . A l t h o u g h o v e r t i m e on an a v e r a g e d o e s n o t show 
up d u r i n g a p e r i o d (week 5 t h r u 8 0 ) , t h e work l o a d g r a d u a l l y i n c r e a s e s 
from week 35 i n a c c o r d a n c e w i t h t h e i n c r e a s e d c o n t r a c t r a t e . At week 80 
e n g i n e e r s a s s i g n e d t o p r o j e c t t eams s t a r t t o work o v e r t i m e t o c a r r y o u t 
t h e i n c r e a s e d o r d e r s . Meanwhile management e f f o r t toward f eedback of 
know-how c o n t i n u o u s l y d e c l i n e s b e c a u s e of i n c r e a s e s in t h e work l o a d . 
E v e n t u a l l y , no management e f f o r t e x i s t s t oward f e e d b a c k of know-how a t a 
p e r i o d (week 200 t h r u 255) when t h e work l o a d r e a c h e s more t h a n 1 , 9 . The 
t r e m e n d o u s o v e r t i m e work l o a d of 1.9 o r more i s t h e n e x e r c i s e d i n t h e f i r m 
f o r a l i t t l e more t h a n one y e a r . I t i s an I n t e r e s t i n g p a t t e r n t h a t t h e 
f i r s t peak of t h e work l o a d i s o b s e r v e d d u r i n g a p e r i o d when t h e c o n t r a c t 
r a t e and a l s o t h e number of p r o j e c t s i n p r o g r e s s d e c r e a s e . 
T h i s phenomena o c c u r s f o r t h e f o l l o w i n g r e a s o n s 8 By l e s s manage­
ment e f f o r t t oward f e e d b a c k , t h e know-how l e v e l b e g i n s t o d e c l i n e a t week 
110 . Meanwhi le t h e e x p e c t e d know-how l e v e l by t h e g e n e r a l c u s t o m e r s i n ­
c r e a s e s , p r o d u c i n g a l a r g e r gap of t h e know-how l e v e l be tween t h e f i r m 
and t h e c u s t o m e r s . T h i s gap d i r e c t l y a f f e c t s t h e p r o j e c t t e a m s 1 p e r f o r m ­
a n c e . F o r i n s t a n c e , by rough p r o c e s s e n g i n e e r i n g , a l o t of r e v i s i o n work 
of p l a n t e n g i n e e r i n g and d e t a i l e d e n g i n e e r i n g o c c u r s , c a u s i n g c o n f u s i o n 
i n p r o c u r e m e n t and f i e l d c o n s t r u c t i o n work . The f i r m . s e n g i n e e r s w a s t e a 
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g r e a t amount of t h e i r t i m e on t h e r e v i s i o n work t o mee t t h e c u s t o m e r ' s 
e x p e c t a t i o n . 
A l t h o u g h t h e f i r m ' s e n g i n e e r s p u t f o r t h t h e i r e f f o r t s t o s o l v e 
t h o s e d i f f i c u l t i e s , t h e c u s t o m e r s a r e n o t u s u a l l y s a t i s f i e d by t h e f i r m ' s 
a c c o m p l i s h m e n t u n d e r t h e e x i s t i n g gap of t h e know-how l e v e l . I t i n f l u ­
e n c e s t h e c o n t r a c t r a t e by means of a d e c r e a s e i n t h e c o m p e t i t i v e n e s s . 
T h e r e f o r e , t h e f i r m e x p e r i e n c e s c o n t r a d i c t i o n such t h a t t h e work l o a d 
i n c r e a s e s even though t h e c o n t r a c t r a t e d e c r e a s e s d u r i n g a p e r i o d (week 
110 t h r u 220) and t h e number of e n g i n e e r s g r a d u a l l y i n c r e a s e s . 
The know-how l e v e l , which s t a r t s t o d r o p a t week 110 , i s be low 
t h e c u s t o m e r s ' e x p e c t e d l e v e l a t week 1 3 5 , c a u s i n g an i n c r e a s e i n t h e 
work l o a d a s m e n t i o n e d a b o v e . D u r i n g a p e r i o d (week 135 t o week 395) t h e 
know-how l e v e l i s be low t h e c u s t o m e r s ' e x p e c t e d l e v e l . As a r e s u l t , t h e 
c o n t r a c t r a t e f a l l s t o 0 . 9 . 
The c o m p e t i t i v e n e s s , wh ich r e a c h e s t h e f i r s t peak a t week 3 0 , d e ­
c r e a s e s w h i l e t h e know-how l e v e l i s be low t h e c u s t o m e r s ' e x p e c t e d l e v e l 
and f a l l s t o a low a t week 2 4 5 . The f i r m f a c e s an o p e r a t i o n a l c r i s i s due 
t o t h e low c o m p e t i t i v e n e s s which c o n t i n u e s f o r a b o u t 90 weeks (week 245 
t h r u 3 3 0 ) . 
At week 325 t h e number of c o n t r a c t s i n p r o g r e s s d r o p s t o a m i n i ­
mum of 2 4 , w h i l e t h e number of i d l e e n g i n e e r s i n c r e a s e s . The f i r m ' s man­
agement s t a r t s t o p u t f o r t h i t s e f f o r t t oward f e e d b a c k of know-how a b o u t 
one y e a r b e f o r e t h i s , and c o n t i n u e s a t r a t h e r r a p i d r a t e of an i n c r e a s e 
i n i t s e f f o r t . A l t h o u g h management e f f o r t r e a c h e s t h e second peak a t 
week 3 8 0 , i t t a k e s a b o u t two more y e a r s t o r e a c h a peak of t h e know-how 
l e v e l , wh ich i m p l i e s a d i f f i c u l t y i n f e e d b a c k of know-how. D u r i n g a p e r i o d 
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(week 350 t h r u 440) t h e f i r m ' s p r e s i d e n t and some d i r e c t o r s d i r e c t l y p a r ­
t i c i p a t e and e s t a b l i s h a t e m p o r a r y sys t em t o c a r r y o u t immedia te f eedback 
of know-how, s o t h a t a l m o s t a l l e n g i n e e r i n g m a n a g e r s n a t u r a l l y j o i n f e e d ­
back e f f o r t i n v a r i o u s ways . The s m a l l work load d u r i n g t h e p e r i o d makes 
t h i s e f f o r t p o s s i b l e . At week 330 t o week 520 no o v e r t i m e on an a v e r a g e 
e x i s t s . By t h i s s t r o n g e f f o r t e n g i n e e r i n g know-how, which h a s a c c u m u l a t e d 
i n t h e i n d i v i d u a l e n g i n e e r ' s b r a i n s o r f i l i n g c a b i n e t s f o r t h e p a s t f o u r 
y e a r s , i s s y s t e m a t i c a l l y r e v i e w e d and c o m p i l e d . The know-how l e v e l t h e n 
s t a r t s t o r a i s e . 
As t h e s t r o n g management e f f o r t was a d o p t e d i t h a s i n e r t i a , and 
i t s l o w l y d e c r e a s e s . A f t e r t h e know-how l e v e l r e a c h e s t h e c u s t o m e r s ' 
e x p e c t e d l e v e l a t week 4 0 0 , however , management e f f o r t toward f eedback 
s t a r t s t o d r o p . In a c c o r d a n c e w i t h t h e know-how l e v e l r a i s e d , t h e com­
p e t i t i v e n e s s i n c r e a s e s , c a u s i n g an i n c r e a s e i n t h e c o n t r a c t r a t e . By i n ­
c r e a s i n g t h e work l o a d a g a i n , management e f f o r t t oward f eedback g r a d u a l l y 
d e c r e a s e s u n t i l t h e end of t h e s i m u l a t i o n t i m e (week 5 2 0 ) , T h e r e f o r e , 
d e v e l o p m e n t of t h e know-how d e c a y s a f t e r i t r e a c h e s t h e second peak a t 
week 4 7 5 , w h i l e t h e c u s t o m e r s ' e x p e c t e d l e v e l i s r a i s i n g . I t c a u s e s a 
d e c r e a s e i n t h e c o m p e t i t i v e n e s s and t h e c o n t r a c t r a t e s t a r t s t o d r o p a g a i n 
a t week 500 . A l t h o u g h t h e number of c o n t r a c t s i n p r o g r e s s r e a c h e s t h e 
s econd peak of 150 a t week 5 0 5 , t h e work l o a d d o e s n o t i n c r e a s e a s much. 
T h i s i s b e c a u s e t h e know-how l e v e l i s h i g h e r t h a n t h e c u s t o m e r s e x p e c t e d 
l e v e l . In o t h e r w o r d s , v a r i o u s e n g i n e e r i n g work , p r o c u r e m e n t and f i e l d 
c o n s t r u c t i o n a r e e f f e c t i v e l y c a r r i e d o u t on t h e b a s i s of u p - t o - d a t e know-
how. 
The p a t t e r n a t t h e end of t h e s i m u l a t i o n s u g g e s t s t h a t t h e f i r m 
w i l l e x p e r i e n c e t h e same s i t u a t i o n a s i t had from a r o u n d week 100 . 
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The model b e h a v i o r a s shown i n F i g u r e 14 i s a r e a s o n a b l e r e p r e s e n ­
t a t i o n of a c t u a l s y s t e m p e r f o r m a n c e . The f i r s t r u n d e m o n s t r a t e s how t h e 
f i r m ' s p o l i c i e s i n t e r a c t w i t h t h e c u s t o m e r s ' e x p e c t e d know-how l e v e l t o 
c r e a t e a h i g h l y f l u c t u a t i n g work l o a d . S i g n i f i c a n t improvement i n s t a ­
b i l i t y may be o b t a i n e d by c h a n g i n g some of t h e f i r m ' s p o l i c y s t r u c t u r e a n d / 
o r p a r a m e t e r s . 
System B e h a v i o r w i t h Changes i n P a r a m e t e r s 
De l ay i n Know-How O b s o l e s c e n c e Leng thened (Run 2) 
Loop A and B i n F i g u r e 3 show how t h e know-how l e v e l i n f l u e n c e s 
t h e f i r m ' s o p e r a t i o n . The know-how l e v e l v a r i e s w i t h management e f f o r t 
t oward f e e d b a c k of know-how. When management e f f o r t i s h i g h , t h e know-
how l e v e l r a i s e s , i n c r e a s i n g t h e c o m p e t i t i v e n e s s and d e c r e a s i n g t h e work 
l o a d . 
The model i s t e s t e d f o r a change i n t h e v a l u e on t h e d e l a y i n know-
how o b s o l e s c e n c e DKHO. The new v a l u e of t h e d e l a y i s 19 weeks which i s 
one and one h a l f months l o n g e r t h a n t h e o r i g i n a l d e l a y . T h i s i s a h y p o ­
t h e t i c a l m o d e l , and i t i s assumed t h a t i t i s p o s s i b l e t o l e n g t h e n t h e 
d e l a y i n know-how o b s o l e s c e n c e w i t h o u t c h a n g i n g t h e b a s i c m o d e l . 
F i g u r e 15 shows t h e b e h a v i o r of t h e model f o r a 25 p e r c e n t s t e p 
i n p u t w i t h t h e change i n t h e d e l a y . The model i s o t h e r w i s e i d e n t i c a l t o 
t h e b a s i c mode l . 
Soon a f t e r t h e s i m u l a t i o n s t a r t s , t h e know-how l e v e l r a p i d l y i n ­
c r e a s e s , and r e a c h e s t h e f i r s t peak of 0 , 4 0 a t week 9 5 , S i n c e t h e know-
how l e v e l i s much h i g h e r t h a n t h e c u s t o m e r s ' e x p e c t e d l e v e l , t h e c o m p e t i ­
t i v e n e s s a l s o i n c r e a s e s , c a u s i n g a r a p i d i n c r e a s e i n t h e c o n t r a c t r a t e , 
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At week 100 t h e c o n t r a c t r a t e r e a c h e s t h e f i r s t peak wh ich i s a b o u t 50 p e r 
c e n t h i g h e r t h a n Run 1 . In a c c o r d a n c e w i t h t h e i n c r e a s e d work l o a d , man­
agement e f f o r t t oward f eedback of know-how d e c r e a s e s and t h e r e a f t e r t h e 
f i r m f o l l o w s t h e same p a t t e r n a s m e n t i o n e d i n t h e c a s e of Run 1 , 
I t i s i n t e r e s t i n g t o n o t e t h a t t h e number of p r o j e c t s i n p r o g r e s s 
a t t h e peak of t h e work l o a d i s 126 i n Run 2 , w h i l e i t i s o n l y 84 i n Run 1. 
F u r t h e r m o r e , t h e peak of t h e work l o a d i n Run 2 i s l o w e r t h a n t h a t i n Run 1, 
A p e r i o d d u r i n g which t h e know-how l e v e l i s be low t h e c u s t o m e r s ' 
e x p e c t e d l e v e l i s a b o u t f o u r y e a r s i n Run 2 , w h i l e i t i s a b o u t f i v e y e a r s 
i n Run 1 , 
By p u t t i n g f o r t h s t r o n g management e f f o r t t oward f eedback of know-
how from a r o u n d week 3 5 0 , t h e know-how l e v e l r e a c h e s 0 . 8 3 a t t h e end of 
t h e s i m u l a t i o n (week 5 2 0 ) . In an a c t u a l c a s e t h e know-how l e v e l m i g h t be 
above wha t can be e x p e c t e d f o r t h e f i r m . I t i s u s e f u l , however , t o dem­
o n s t r a t e t h e e f f e c t s of t h e d e l a y i n know-how o b s o l e s c e n c e on t h e model 
b e h a v i o r i n o r d e r t o h e l p management t o r e a l i z e t h e i m p o r t a n c e of k e e p i n g 
know-how u p - t o - d a t e . 
De l ay i n Feedback of Know-How L e n g t h e n e d (Run 3) 
A n o t h e r i m p o r t a n t p a r a m e t e r i n t h e sys t em i s t h e d e l a y f o r f e e d ­
back of know-how DFK, I t i s e x p e c t e d t h a t an i n c r e a s e i n t h i s d e l a y w i l l 
i n c r e a s e t h e d e c a y of t h e know-how l e v e l . 
F i g u r e 16 shows t h e b e h a v i o r of t h e sys t em i n r e s p o n s e t o a 25 p e r 
c e n t i n p u t w i t h t h e change i n t h e d e l a y f o r f e edback of know-how wh ich 
e q u a l s 45 weeks i n s t e a d of t h e o r i g i n a l v a l u e of 39 w e e k s . The model i s 
o t h e r w i s e t h e same a s t h e i n i t i a l mode l . 
Comparing Run 3 w i t h Run 2 , i t i s o b s e r v e d t h a t t h e sy s t em b e h a v i o r 
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of Run 3 i n d i c a t e s t h e o p p o s i t e d i f f e r e n c e from t h e a n a l y t i c a l r e s u l t s of 
Run 1 and Run 2 . In o t h e r w o r d s , t h e b e h a v i o r of Run 3 i s v e r y c l o s e t o 
Run 1 , even though t h e o b s o l e s c e n c e t i m e of know-how (''DFK + DKHO) of Run 3 
i s t h e same 58 weeks a s Run 2 . The d e l a y i n know-how o b s o l e s c e n c e c o n s p i c ­
u o u s l y a f f e c t s t h e f i r m ' s o p e r a t i o n . Fo r i n s t a n c e , i t c a n be s e e n t h a t 
t h e l o n g e r DFK o r s h o r t e r DKHO c a u s e s a d e c r e a s e i n f i r s t t h e know-how 
l e v e l and t h e n t h e c o n t r a c t r a t e . 
A l t h o u g h t h e s y s t e m b e h a v i o r of Run 3 i s s i m i l a r t o Run 1 , some 
of i t s b e h a v i o r c h a r a c t e r i s t i c s a r e more d e s i r a b l e . F o r i n s t a n c e , t h e 
peak of t h e work l o a d i s l o w e r , and t h e s econd peak of t h e know-how l e v e l 
a t t h e end of t h e s i m u l a t i o n t i m e i s h i g h e r t h a n Run 1 . 
In summary, Runs 2 and 3 show t h a t an i n c r e a s e i n t h e o b s o l e s c e n c e 
t i m e of know-how from 52 weeks t o 58 weeks s i g n i f i c a n t l y r a i s e s t h e know-
how l e v e l and r e d u c e s t h e peak of t h e work l o a d . 
50 
CHAPTER VI 
IMPROVEMENT OF THE MODEL 
The o b j e c t i v e d e a l t w i t h i n t h i s c h a p t e r i s t o d e s i g n a new p o l i c y 
which s i g n i f i c a n t l y i n c r e a s e s t h e s y s t e m s t a b i l i t y . 
In t h e b a s i c model t h e b e h a v i o r was c h a r a c t e r i z e d by f l u c t u a t i o n s 
i n t h e c o n t r a c t r a t e , t h e work l o a d , and t h e know-how l e v e l . The p r o b l e m 
a r o s e m a i n l y from t h e f i r m , s p o l i c i e s c o n t r o l l i n g t h e know-how l e v e l . The 
f eedback a c t i v i t i e s of know-how i n t h e f i r m w e r e n o t s t a b l e , c a u s i n g f l u c ­
t u a t i o n s of t h e know-how l e v e l . T h e r e f o r e , t h e new p o l i c y i n v o l v e s a 
change i n t h e f e e d b a c k sys t em of know-how. 
R e f e r r i n g t o F i g u r e I , f e e d b a c k of know-how was c a r r i e d o u t m a i n l y 
from t h e i n f o r m a t i o n a t t h e s t a g e of t h e c o m p l e t i o n of p r o j e c t s . The new 
p o l i c y , h o w e v e r , r e s p o n d s t o t h e i n f o r m a t i o n a t t h e s t a g e of n o t o n l y t h e 
c o m p l e t i o n of p r o j e c t s b u t a l s o t h e e v a l u a t i o n of p r o j e c t s p r o g r e s s and 
t h e l o s s of c o n t r a c t s . 
F o r m u l a t i o n of t h e Improved Model 
A f low d i a g r a m of t h e improved model i s shown i n F i g u r e 1 7 . The 
r e c o g n i t i o n of t h e gap be tween t h e f i r m ' s know-how l e v e l and t h e p o t e n t i a l 
know-how l e v e l i s more e f f e c t i v e u n d e r t h e new p o l i c y . Even t h e r e c o g n i ­
t i o n of t h e u p - t o - d a t e know-how l e v e l i n t h e f i r m i t s e l f i s d i f f i c u l t u n d e r 
t h e o r i g i n a l p o l i c y . 
F i r s t , t h e gap be tween t h e f i r m ' s and t h e p o t e n t i a l know-how l e v e l 
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PLK P o t e n t i a l L e v e l of Know-How ( d i m e n s i o n l e s s ) 
GKL , , Gap be tween t h e F i r m ' s and t h e P o t e n t i a l Know-How 
L e v e l ( d i m e n s i o n l e s s ) 
RRG R e c o g n i t i o n R a t e of t h e Gap ( d i m e n s i o n l e s s ) 
MEIF Management E f f o r t I n f l u e n c e on Feedback ( 1 / w e e k ) 
TLIF T r a i n e d L e v e l I n f l u e n c e on Feedback ( d i m e n s i o n l e s s ) 
FRK Feedback R a t e of Know-How ( 1 / w e e k ) 
DFK De lay i n Feedback of Know-How (weeks ) 
KLF Know-How L e v e l by Feedback ( d i m e n s i o n l e s s ) 
RKR R e l a t i v e Know-How R a t i o be tween t h e Fi rm and t h e 
Cus tomer s ( d i m e n s i o n l e s s ) 
AMEF Average Management E f f o r t t oward Feedback 
( m a n a g e r i a l t i m e / w e e k ) 
F i g u r e 1 7 . A Flow Diagram of New Feedback P o l i c y 
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i s f o r m u l a t e d . 
GKL.K - PLK.K - KLF.K 101,A 
GKL Gap be tween t h e F i r m ' s and t h e P o t e n t i a l Know-How 
L e v e l ( d i m e n s i o n l e s s ) 
PLK P o t e n t i a l L e v e l of Know-How ( d i m e n s i o n l e s s ) 
KLF Know-How L e v e l by Feedback ( d i m e n s i o n l e s s ) 
Next i s an e q u a t i o n f o r management e f f o r t i n f l u e n c e on f eedback 
of know-how. A l t h o u g h t h e new sys t em i s a d o p t e d i n t h e f i r m , f eedback of 
know-how s t i l l d e p e n d s s t r o n g l y on management e f f o r t . The re e x i s t s d i f ­
f e r e n t e s t i m a t e s f o r e f f e c t i v e n e s s of management e f f o r t t oward f e e d b a c k 
of know-how. F i g u r e 18 shows t h e s e e s t i m a t e s of t h e i n f l u e n c e of manage­
ment e f f o r t . The p a t t e r n w i l l be e s t i m a t e d a s t h e same p a t t e r n a s i n t h e 
b a s i c m o d e l . L a t e r , t h e model w i l l be t e s t e d f o r s e n s i t i v i t y of t h e p a r a - -
m e t e r s . The r e s u l t s of t h e t e s t would a l s o be u s e f u l t o improve t h e new 
s y s t e m . I n o t h e r w o r d s , t h e new s y s t e m s h o u l d work t o be a b l e t o a c q u i r e 
t h e amount of know-how which i s i l l u s t r a t e d i n F i g u r e 1 8 . 
MEIF.K - TABHL (TBMEF, AMEF.K, 0 , 1600 , 200) 102,A 
TBMEF* - - . 2 5 / - . 2 0 / - . 0 7 5 / . 2 2 5 / . 4 2 5 / . 5 0 0 / . 5 5 0 / . 5 8 5 / . 6 0 0 
MEIF Management E f f o r t I n f l u e n c e on Feedback ( 1 / w e e k ) 
AMEF . . . . . . . . . Ave rage Management E f f o r t t o w a r d Feedback 
( m a n a g e r i a l t i m e / w e e k ) 
TBMEF T a b l e f o r ME IF ( s e e F i g u r e 18) 
The above e q u a t i o n as sumes a c c u r a t e e s t i m a t e s of t h e i n f l u e n c e i n 
r e s p o n d i n g t o management e f f o r t . 
The r e c o g n i t i o n r a t e of t h e gap be tween t h e f i r m ' s know-how l e v e l 
and t h e p o t e n t i a l know-how l e v e l i s s e t e q u a l t o t h e gap m o d i f i e d by t h e 
t r a i n e d l e v e l and management e f f o r t i n f l u e n c e on f eedback of know-how. 
RRG.KL - (TLIF.K)(MEIF.K)(GKL.K) 103 ,R 
RRG R e c o g n i t i o n R a t e of t h e Gap ( 1 / w e e k ) 
TLIF T r a i n e d L e v e l I n f l u e n c e on Feedback ( d i m e n s i o n l e s s ) 
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ME IF 
F i g u r e 1 8 , Management E f f o r t I n f l u e n c i n g Know-How 
L e v e l v s . Average Management E f f o r t 
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MEIF . . . . . . . . . Management E f f o r t I n f l u e n c e on Feedback ( 1 / w e e k ) 
GKL Gap be tween t h e F i rm»s and t h e P o t e n t i a l Know-How 
L e v e l ( d i m e n s i o n l e s s ) 
A f t e r t h e r e c o g n i t i o n of e x i s t e n c e of new know-how o r n e e d s of r e ­
v i s i n g know-how, s e v e r a l months a r e n e c e s s a r y f o r d i s c u s s i n g , c o m p i l i n g , 
p r i n t i n g , d i s t r i b u t i o n and u n d e r s t a n d i n g new know-how. The d e l a y i n f e e d ­
back of know-how i s assumed t o be 20 w e e k s . Under t h e new s y s t e m , f e e d b a c k 
of know-how c a n be c o n t i n u o u s l y c a r r i e d o u t . T h e r e f o r e , t h e d e l a y of d i s ­
c u s s i n g and c o m p i l i n g becomes s h o r t e r t h a n t h e b a s i c mode l . 
FRK.KL - DELAY 3(RRG.JK, DFK) 104,R 
DFK - 20 
FRK Feedback Ra t e of Know-How ( I / w e e k ) 
RRG . . . . . . . . . R e c o g n i t i o n R a t e of t h e Gap ( 1 / w e e k ) 
DFK . . . . . . . . . De l ay i n Feedback of Know-How (weeks) 
The know-how l e v e l i s f o r m u l a t e d a s a r e g u l a r l e v e l e q u a t i o n . 
KLF.K - KLF.J + (DT)(FRK.JK + 0 ) 105 ,L 
KLF - . 1 5 105,N 
KLF , Know-How L e v e l by Feedback ( d i m e n s i o n l e s s ) 
FRK Feedback R a t e of Know-How ( l / w e e k ) 
The change i n t h e p o l i c y i s now c o m p l e t e d . 
A n a l y s i s of t h e Improved Model 
On t h e b a s i s of t h e new management p o l i c y , t h e b e h a v i o r of t h e 
model i s now s i m u l a t e d . The improved model i s e x a c t l y l i k e t h e b a s i c 
model e x c e p t f o r c h a n g e s i n t h e f e e d b a c k p o l i c y of know-how. F i r s t t h e 
model i s t e s t e d w i t h a s t e p i n p u t a s i n Run 4 . Then t h e s e n s i t i v i t y of 
t h e s y s t e m b e h a v i o r i s examined by c h a n g i n g a p a r a m e t e r of management 
e f f o r t i n f l u e n c e on f e e d b a c k of know-how a s i n Runs 5 and 6. 
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B e h a v i o r a l A n a l y s i s f o r t h e S t e p I n p u t (Run 4 ) 
Look ing a t t h e model b e h a v i o r shown i n F i g u r e 1 9 , i t c a n be s e e n 
t h a t t h e b e h a v i o r a l p a t t e r n s a r e g r e a t l y changed and improved, The o l d 
p o l i c y c r e a t e s a h i g h l y o s c i l l a t o r y s y s t e m , w h i l e t h e new p o l i c y c r e a t e s 
a damped s y s t e m . 
The 25 p e r c e n t s t e p i n c r e a s e i n p r o s p e c t i v e b i d s o c c u r s a t t h e 
same week 26 a s t h e o r i g i n a l m o d e l , and a f t e r w a r d s t h e c o n t r a c t r a t e r i s e s . 
The number of e n g i n e e r s and t h e c u s t o m e r ' s e x p e c t e d know-how l e v e l a r e a l s o 
e x a c t l y t h e same a s t h e o r i g i n a l mode l , 
Comparing w i t h Run 1 , i t c an be o b s e r v e d i n more d e t a i l how t h e 
new p o l i c y improves t h e sys t em b e h a v i o r . At week 150 t h e f i r m ' s know-
how l e v e l i s h i g h e r t h a n t h e c u s t o m e r ' s e x p e c t e d l e v e l . T h i s o c c u r s a s 
e a r l y a s week 10 i n Run 1 . The sys t em i n Run 1 h a s t h e s t r o n g e r c o m p e t i ­
t i v e n e s s d u r i n g t h e f i r s t t h r e e y e a r s of t h e s i m u l a t i o n t i m e . Because of 
t h e i n c r e a s e i n t h e know-how l e v e l , t h e c o n t r a c t r a t e i n t h e improved 
model e q u a l s t h e c o n t r a c t r a t e of Run 1 a t week 150 . T h i s i m p l i e s t h a t 
management u n d e r t h e new p o l i c y k e e p s i t s e f f o r t t o w a r d f eedback of know-
how r a t h e r s t a b l e w h i l e c o n t r o l l i n g t h e c o n t r a c t r a t e . Meanwhi le t h e o l d 
p o l i c y t e n d s t o c a r r y o u t immedia te f e e d b a c k of know-how when some e n g i ­
n e e r s a r e i d l e . When t h e c o n t r a c t r a t e i s g r e a t , management u n d e r t h e 
o l d p o l i c y p u t s f o r t h i t s e f f o r t t o h a n d l e a s many o r d e r s a s p o s s i b l e 
w h i l e r e d u c i n g i t s e f f o r t t oward f e e d b a c k of know-how. At week 185 t h e 
c o n t r a c t r a t e i n Run 4 r e a c h e s 5 . 2 c o n t r a c t p e r week, and s u b s e q u e n t l y 
k e e p s s t a b l e . The number of p r o j e c t s i n p r o g r e s s a l s o r e a c h e s t h e s t a b l e 
l e v e l of 134 a t week 2 2 5 . 
The f l u c t u a t i o n s of t h e work l o a d i s d r a s t i c a l l y improved . E n g i ­
n e e r s a r e now f r e e from t h e t r e m e n d o u s o v e r t i m e work . They a r e now a b l e 
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t o a t t e n d v a r i o u s t r a i n i n g c o u r s e s and a l s o p u r s u e t h e c u r r e n t l i t e r a t u r e 
i n t h e i r f i e l d s . Thus , t h e p o t e n t i a l a b i l i t y of t h e e n g i n e e r s r a i s e s 
k e e p i n g t h e h i g h know-how l e v e l . On t h e o t h e r h a n d , a l t h o u g h t h e number 
of e n g i n e e r s s t e a d i l y i n c r e a s e s t h r o u g h t h e s i m u l a t i o n , no i d l e e n g i n e e r s 
e x i s t from week 70 . A c c o r d i n g t o a r a t h e r r a p i d i n c r e a s e i n t h e c u s t o m e r s * 
e x p e c t e d know-how l e v e l w i t h t h e p a s s i n g of t h e s i m u l a t i o n t i m e , t h e com­
p l e x i t y of t h e p r o j e c t s i n c r e a s e s , c a u s i n g an i n c r e a s e i n t h e work l o a d . 
In o r d e r t o k e e p a h i g h e r know-how l e v e l t h a n t h e c u s t o m e r s * e x ­
p e c t e d l e v e l , management e f f o r t t oward f e e d b a c k of know-how u n d e r t h e new 
p o l i c y r e a c h e s a peak of 2 2 . 4 p e r c e n t a t week 4 0 , b u t l a t e r i t g r a d u a l l y 
d e c l i n e s . A f t e r i t r e a c h e s a low of 1 7 . 5 p e r c e n t a t week 1 0 5 , however , 
management e f f o r t grows up t o t h e s t e a d y - s t a t e c o n d i t i o n . I n a c c o r d a n c e 
w i t h o v e r t a k i n g t h e i n c r e a s e i n t h e c u s t o m e r s * e x p e c t e d l e v e l a s men­
t i o n e d a b o v e , from t h e n , management e f f o r t toward f eedback of know-how 
s t e a d i l y i n c r e a s e s . 
System B e h a v i o r w i t h Changes i n a P a r a m e t e r 
Having d e a l t w i t h t h e b e h a v i o r of t h e sys t em f o r t h e new p o l i c y , 
t h e p o l i c y i s t e s t e d f o r a r a n g e of v a l u e s f o r a p a r a m e t e r , wh ich i s a 
t a b l e v a l u e f o r management e f f o r t i n f l u e n c i n g t h e know-how l e v e l ( s e e 
E q u a t i o n 102,A and F i g u r e 1 8 ) . The b e h a v i o r i s examined f o r t h e l ower 
i n f l u e n c e (Run 5) and h i g h e r i n f l u e n c e (Run 6 ) i n e s t i m a t e s of t h e p a r a ­
m e t e r . A l t h o u g h management d o e s n o t have knowledge of t h e e x a c t i n f l u e n c e 
of t h e p a r a m e t e r v a l u e , t h e model b e h a v i o r n e e d s t o be i n s e n s i t i v e t o a 
r e a s o n a b l e r a n g e of t h e p a r a m e t e r . 
F i g u r e 20 shows t h e r e s u l t of Run 5 . As t h e l o w e r i n f l u e n c e of 
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management e f f o r t i s e s t i m a t e d , t h e know-how l e v e l i s be low t h e c u s t o m e r s ' 
e x p e c t e d l e v e l t h r o u g h t h e s i m u l a t i o n . Comparing w i t h Run 4 , i t i s o b s e r v e d 
t h a t t h e s t a b i l i z e d peak of t h e c o n t r a c t r a t e i s 9 . 5 p e r c e n t lower t h a n 
Run 4 . The work l o a d i s , however , v e r y s t a b l e , and t h e b e h a v i o r i s i d e n ­
t i c a l t o Run 4 . T h e r e f o r e , t h e work l o a d i s n o t s e n s i t i v e t o t h e lower 
p a r a m e t e r v a l u e . 
F i g u r e 21 d e p i c t s t h e r e s u l t of Run 6, The know-how l e v e l e x c e e d s 
t h e c u s t o m e r s * e x p e c t e d l e v e l a t week 6 0 , and s u b s e q u e n t l y s t a y s h i g h e r 
t h a n t h e c u s t o m e r s * e x p e c t e d l e v e l . In a c c o r d a n c e w i t h t h e h i g h l e v e l of 
know-how, t h e c o n t r a c t r a t e i n c r e a s e s f o r t h e f i r s t f i v e y e a r s . A f t e r 
t h e c o n t r a c t r a t e r e a c h e s a peak of 6 , 5 , i t b e g i n s t o d e c r e a s e a t week 
3 8 5 . The i n c r e a s i n g r a t e of t h e c u s t o m e r s * e x p e c t e d l e v e l of know-how 
i n f l u e n c e s t h i s d e c r e a s e i n t h e c o n t r a c t r a t e . Comparing w i t h Run 4 a g a i n , 
i t i s o b s e r v e d t h a t t h e b e h a v i o r of t h e work l o a d i s l i k e Run 4 , even 
t hough t h e c o n t r a c t r a t e i n c r e a s e s 25 p e r c e n t o v e r Run 4 a t t h e p e a k . 
T h e r e f o r e , t h e work l o a d f l u c t u a t i o n s of Run 6 a r e n o t s e n s i t i v e t o t h e 
h i g h e r p a r a m e t e r v a l u e . 
A l t h o u g h t h e r e e x i s t s some f l u c t u a t i o n s of management e f f o r t 
t oward f e e d b a c k of know-how d u r i n g t h e f i r s t f i v e y e a r s among Runs 4 , 5 
and 6 , t h e s e f l u c t u a t i o n s t e n d t o s t a b i l i z e i n t h e l ong r u n . Thus , t h e 
new p o l i c y h a s s i g n i f i c a n t l y improved t h e model b e h a v i o r . By a d o p t i n g 
t h e new p o l i c y , management h a s c r e a t e d a s y s t e m t h a t i s i n s e n s i t i v e t o 
t h e e x a c t p a r a m e t e r v a l u e of management e f f o r t i n f l u e n c i n g t h e know-how 






The u s e of s i m u l a t i o n d o e s n o t e l i m i n a t e t h e need f o r t r i a l p r o ­
g r a m s , b u t i t d o e s p r o v i d e a b a s i s f o r weed ing o u t g r o s s l y i n f e a s i b l e 
i d e a s b e f o r e t r i a l . At p r e s e n t a manager i n t h e e n g i n e e r i n g o r g a n i z a ­
t i o n m u s t b e l i e v e e i t h e r h i s own judgmen t a b o u t t h e s y s t e m , t h e j u d g m e n t 
of t h o s e who w a n t t o s e l l t h e s y s t e m , o r t h a t of o t h e r m a n a g e r s who h a v e 
s u c c e s s f u l l y u s e d such s y s t e m s i n o t h e r o r g a n i z a t i o n s , e v e n t hough he may 
f e e l t h a t t h e s a l e s m a n i s h e a v i l y b i a s e d and r e a l l y d o e s n o t u n d e r s t a n d 
h i s m a n a g e r ' s p r o b l e m s , and t h a t o t h e r m a n a g e r s who s u c c e s s f u l l y u s e d 
such s y s t e m s r e a l l y had d i f f e r e n t p r o b l e m s . The u s e of s i m u l a t i o n , how­
e v e r , c o u l d p r o v i d e t h e manager w i t h some of t h e e x p e r i e n c e h e n e e d s t o 
make a d e c i s i o n . 
By means of t h e s i m u l a t i o n e x p e r i m e n t s d e s c r i b e d i n C h a p t e r s I I I 
t h r o u g h VI , t h e key i n f l u e n c e s upon t h e e n g i n e e r i n g o r g a n i z a t i o n s u c c e s s 
and f a i l u r e have been i s o l a t e d and s t u d i e d i n d e p t h . The f a c t o r s of c o n ­
s e q u e n c e e m e r g i n g from t h e s e s t u d i e s c a n be c o n v e n i e n t l y g r o u p e d i n t o 
two c a t e g o r i e s : 
1 , Management p o l i c i e s i n f l u e n c i n g t h e e n g i n e e r i n g know-how 
l e v e l and t h e work l o a d f o r e n g i n e e r s , 
2 , C h a r a c t e r i s t i c s r e l a t i n g t o t h e number of o r d e r s . 
F i r s t , p r o b l e m s of management p o l i c i e s , of w h i c h e x i s t e n c e h a s 
been r e c o g n i z e d by m a n a g e r s i n t h e e n g i n e e r i n g o r g a n i z a t i o n b u t c o u l d n o t 
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be s o l v e d s u f f i c i e n t l y , have been b e t t e r d e f i n e d by u s i n g t h e p h i l o s o p h y 
and m e t h o d o l o g y of I n d u s t r i a l Dynamics . Tha t i s t o s a y , o b j e c t i v e s of 
management , which s h o u l d be a b a s i s t o b u i l d management p o l i c i e s , c o u l d 
be p r o v i d e d by t h e a n a l y s i s of t h e s y s t e m s b e h a v i o r of t h e o r i g i n a l and 
improved model d e s c r i b e d i n C h a p t e r s V and VI . By c h a n g i n g t h e f e e d b a c k 
s y s t e m s t r u c t u r e of e n g i n e e r i n g know-how, l a r g e improvement of t h e s y s ­
tems b e h a v i o r i n t e r r a s of t h e s t e a d i l y i n c r e a s i n g know-how l e v e l and t h e 
s t a b l e work l o a d was a c q u i r e d . 
Second , t h e o r d e r c h a r a c t e r i s t i c s h a v e b e e n i n v e s t i g a t e d a t t h e 
same t i m e . There i s no d o u b t t h a t t h e c o m p e t i t i v e n e s s of an e n g i n e e r i n g 
o r g a n i z a t i o n s t r o n g l y a f f e c t s t h e number of incoming o r d e r s . The know-
how l e v e l d i r e c t l y i n f l u e n c e s t h e c o m p e t i t i v e n e s s . T h e r e f o r e , t h e im­
p r o v e d model h a s d e m o n s t r a t e d t h e s t a b l e c o m p e t i t i v e n e s s w h i l e m a i n t a i n ­
i n g a s t a b l e number of o r d e r s due t o t h e s t e a d i l y i n c r e a s i n g know-how 
l e v e l , e v e n though t h e c u s t o m e r s ' e x p e c t e d know-how l e v e l t o t h e e n g i n e e r ­
i n g o r g a n i z a t i o n had i n c r e a s e d . 
The r e s u l t s of t h i s s t u d y s h o u l d h e l p m a n a g e r s t o n o t e an i m p o r t ­
a n t o b j e c t i v e of management f o r an e n g i n e e r i n g o r g a n i z a t i o n . T h i s h a s 
s u g g e s t e d t h e p o s s i b i l i t y of e x p e r i m e n t s t o management p o l i c y i n f l u e n c e 
on t h e t o t a l sy s t em of an e n g i n e e r i n g o r g a n i z a t i o n . 
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CHAPTER V I I I 
RECOMMENDATIONS 
The a p p l i c a t i o n of t h e p h i l o s o p h y and m e t h o d o l o g y of I n d u s t r i a l 
Dynamics t o t h e p r o b l e m s of e n g i n e e r i n g o r g a n i z a t i o n management h a s h o p e ­
f u l l y s t r e n g t h e n e d an u n d e r s t a n d i n g of t h e f i e l d . I t seems w o r t h w h i l e t o 
o u t l i n e e x t e n s i o n s of t h e s t u d y , amenab le t o t h e same a p p r o a c h , which a r e 
p o t e n t i a l c o n t r i b u t i o n s t o an even s u p e r i o r r e c o g n i t i o n of t h e d e t e r m i n ­
a n t f a c t o r s of p r o j e c t l i f e c y c l e s . 
A p o s s i b l e e x t e n s i o n of t h e model i s t h e i n t r o d u c t i o n of t h e 
g rowth of t h e c h e m i c a l i n d u s t r y . A l t h o u g h t h i s s t u d y h a s d e v e l o p e d t h e 
i d e a l f l u c t u a t i o n s of t h e work l o a d f o r e n g i n e e r s , a s t a b l e number of 
o r d e r s i s n o t a f a v o r a b l e s i t u a t i o n . In o r d e r t o r e s p o n d t o t h e i n c r e a s ­
i n g wages due t o t h e i n c r e a s e d number of e n g i n e e r s , t h e number of o r d e r s 
s h o u l d i n c r e a s e s t e a d i l y . C o n s e q u e n t l y , i f t h e g rowth of t h e c h e m i c a l 
i n d u s t r y i s i n t r o d u c e d i n t h e m o d e l , t h e number of o r d e r s would i n c r e a s e 
a s l o n g a s t h e e n g i n e e r i n g o r g a n i z a t i o n r e m a i n s c o m p e t i t i v e w h i l e t h e 
m a r k e t e x t e n d s . The model c o u l d t h e n be more r e a l i s t i c a l l y p r e s e n t e d . 
A n o t h e r u s e f u l e x t e n s i o n would v i s i b l y d e m o n s t r a t e t h e i m p o r t a n t 
r e l a t i o n s h i p s of t h e money f l ow i n t e r m s of t h e p r o f i t s i n t h e e n g i n e e r ­
i n g o r g a n i z a t i o n . The h i g h know-how l e v e l s h o u l d i n c r e a s e e n g i n e e r i n g 
p r o d u c t i v i t y c a u s i n g an i n c r e a s e i n t h e p r o f i t s . In a s i m i l a r manner 
t h e i n c r e a s e d p r o f i t s can r e l e a s e t h e o p e r a t i o n a l p r e s s u r e of t h e o r g a n i ­
z a t i o n c a u s e d by t h e i n c r e a s e d w a g e s , even though t h e number of o r d e r s 
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d o e s n o t i n c r e a s e . Due t o t h i s e x t e n s i o n t h e model i n v e s t i g a t e d w i l l more 
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1?R F99 . K| = ( MFNC ) ( C 6R. IO EMGR RELEASING RATE STOOl9 
U Mf TP . K = .\,F.nP . U C DT ) C L AP . JX-ERR . JK ) N H OF F N G 9 OCCUPIED ST0020 
44 A w L F . K s C 9 K 9 . K ) ( E 0P . K ) / N F A P . K WORK LOAD FOR ENT.9 ST0021 
*A\IAGFMLMT ERFURT SECTOR 
.11. A viLF. . KsA;VLF ..!+(i)T ) ( 1 / nA WLF ) ( WLF , J-ArtLE' . J) AWE rtORK LOAD FOR ENC9 s roo?? 
S« A F M F F . v = r A «
 l-l L ( T 4 F H F » A 41 F .'<. 0 » 1, f) , 1 ) F9 Of MGT EFFORT Til E ^ ST0023 
12 A <F F . K = ( MT ) ( F"1F"F . y ) MGT EFFORT TO FFE0«ACK ST0024 
31 AMFF.KsAMFF. l + (UTKl/nAMFr ) ( Mb F . J-AMFF . J ) t\M F MC.T EFFORT ST00P5 
FNGINFEHTNC, KNOW-HOW SECTOR 
58 A P|.K.K = TARMI. (rRPLx'»TIMF.Kj.0*S?0*4n) POTENTIAL KNOW-HOW STO0?ft 
A MFTF.t<=F»HHL(T^MFF-»AMFF.K»0»1600»?0 0) MOT EFFORT INFLUENCE ST0027 
20A TRI. E . K = T F , K/NF . K TRAINEE) LFvFL OF ENC.R STO0?8 
31 STLF.K = STLF.J+(OT)Cl/nCTI. MT9LF.J-STLF . J) SMOOTHEO T R A I M F. D LEVEL STO0?9 
S 8 A riIF.K = TARHLfT^TI„F»STIF.K»0»t.O,0,?) TRAIN LEVL I NFL ON FOP ST0030 
1 39 A9K.KI = (P|_*.KKTI IF.KXMFIF.K) ATOIJISITION RATE OF K N 0 ST0031 
39R F9K.KI sDFLAY3(ARw.JK,nFK) FFFOBACK RATE ST003? 
n 9 K . K1 = K1 F . K / H< H i OPSOLESCFNCE RATE ST0033 
U <LF.K = KLF.J+CnT)CFRK.JK-r)9K,,|K) K M 0 *i - H 0 H LEVEL ST0034 
1 ?A F K L r.wrCCRSlOCPL^.K) EYPECTEO KNOW-HOW LEVEL ST0035 
20A 9 K 9 , K s F K L C . K / K 1. F . K RELATIVE KNOW-HOW RATTO ST0036 
Figure 22. Card Listing 
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INITIAL rnNniTHiMs 
6 N T F s i = o 
6 N r n p T = 1 o 
6 N N F T = 1 S 0 
6 M rF =950 
6N vjFnp = sao 
h N ft WI. F* . fi 9 
6 M 4 M F F a M F (• 
6N STI.F = THIF 
6N <| Fs.lS 
rnNSTARTS 
C oriN|C = (i riMT f̂tCTS/'IFhK 
C T c P = ? * -|<S 
C r)r)PT = ? W <S 
C ilCPs.'* W < S 
C r INF = .0010 Nl 'IT 1 
C r o M F = . 0 0 0 ft Mi ^ H 
C 0 T F = 1 S fi W < S 
C N P N F = . f 0 N'IOIM 
C MFNC=* ''LN/r'INT 
C n a w t, E = u w < s 
C '(7=340 0 IIMF/WK 
C n A M F F = 'J W •< S 
C T C 11. = /J "I ' S 
C TF <= W <S 
C 'lKHIil < W • 
c rUNC = .SO N 1 TI i 
C T'3i-iF*J*=l.0V1.l1/.98/.9'i/.ft?/,7u/.A6/.6<J/.ft? 
C rHFMF + = . ^ / . 14 V . j 1 b / . / . Oft / , 02/ . 003/0/0/0 / 0 
C T4PI. K* = .38/.'io/./^V.yA/.^/.S?/,Sft/,ftO/.65/.70/.7h/.M/.91/1.00 
C T n F̂F + =.10/.1'»/.?';/.'i «/.fi4/.7i)/./•')/. 7 (S/,78 
C T^TLF. = .op/ .ov-) / .ns / .n^/ .n / / .o8/ ,y i7 / .093/ , lo / . i i / .n 
HI T PUT ( Kr'HT 
PLOT C 3 = C ( o , 1 ? , o ) / c .' P = P C (j f ? 0 o ) / ;<H = M ( 5 0 0 , 1 S 0 0 ) / w L FI = w C 0 > 1, 0 ) / < L F = K , F * L C = F 
X 1 ( 0 . 1 . 00 ) /F <f'FsF /r r n-^ ( 0. . j ) 
SPFC n T = 1 / I F M r, T -I = S ? >/"̂ TPFW = 10/Pl T P F rt = 4 






G l o s s a r y of I d e n t i f i e r s 
The i d e n t i f i e r s o f a l l v a r i a b l e s u s e d i n t h e model a r e l i s t e d i n 
a l p h a b e t i c a l o r d e r . The v a r i a b l e t y p e i s g i v e n i n t h e column of t h e 
e q u a t i o n number u s i n g t h e f o l l o w i n g symbolss 
L L e v e l 
R R a t e 
A A u x i l i a r y 
C C o n s t a n t 
S S u p p l e m e n t a r y 
V a r i a b l e V a r i a b l e D e f i n e d V a r i a b l e D e f i n e d 
Name i n F i g u r e i n E q u a t i o n 
AMEF 5 , 8 , 1 0 , 17 25 - L 
ARK 10 31 - R 
AWLE 8 22 - L 
CCR A, 7 7 - R 
CIB A 8 - A 
COPT A 4 - L 
CPP A 6 - L 
CR A 3 - R 
CRNC 10 C 
DAMEF 8 C 
DAWLE 8 C 
DCB A C 
V a r i a b l e 
Name 
APPENDIX C ( C o n t i n u e d ) 
V a r i a b l e D e f i n e d 
i n F i g u r e 
V a r i a b l e D e f i n e d 
i n E q u a t i o n 
DCP 4 C 
DCTL 10 C 
DFK 10 , 17 C 
DKHO 10 C 
DOPT 4 C 
DTE 5 C 
EAR 7 18 - R 
EHR 5 9 - R 
EKLE 10 35 - A 
ELR 5 10 - R 
ERR 7 19 - R 
FDNE 5 C 
FINE 5 C 
FMEF 8 23 - A 
FRK 1 0 , 17 32 - R, 104 
GKL 17 101 - A 
KLF 1 0 , 17 34 - L, 105 
MEF 8 24 - A 
ME IF 1 0 , 17 27 - A, 102 
MEIN 5 16 - A 
MT 8 C 
NE 5 , 10 14 - A 
NEAP 5 , 7 15 - A 
NENC 7 C 
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APPENDIX C ( C o n t i n u e d ) 
V a r i a b l e 
Name 
V a r i a b l e D e f i n e d 
i n F i g u r e 
V a r i a b l e De f ined 









PLK 10 , 17 
POR 4 , 








TE 5 , 10 
TEST 4 
TLIF 10 , 17 
TRLE 10 
WLE 7 , 8 
20 - L 
12 - L 
C 
11 - R 
33 - R 
17 - A 
1 - L 
C 
26 - A 
5 - R 
36 - A 
103 - R 






13 - L 
2 - A 
30 - A 
28 - A 
21 - A 
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